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I. EXECUTIVE SUMMARY

j This final report covers all fourltasks of a project to revise and

verify experimentally the spreading, movement, dissolution, and dissipation

models for lighter-than-water insoluble chemicals of the Hazard Assessment

"Computer System. The report documents (1) the analysis, development, andI verification of the final form of the models, (2) experimental procedures

and representative test data, and (3) listings and flow charts for the coin-

puterized models.

* 1.1 Background
.1

Analytical and computer models have been developed previously for the

* U. S. Coast Guard for use in predicting the spreading, evaporation, and disso-

Slution of a lighter-than-water insoluble chemical spilled into a waterway.

A later independent study found that the models contain a number of serious

"deficiencies:

1. Only instantaneous spills are treated in detail, and the con-

"tinuous spill model neglects many important effects.

2. Effects of currents and winds on the spreading processes are

neglected. I

I 3. Spreading of the slick is not coupled to the loss of mass by

evaporation and dissolution.

4. The evaporation and dissolution models are based upon question-

* able mass-transfer assumptions.

* 5. Movement of the slick by winds, currents, and waves is not

included.

6. None of the empirical constants in the models have been veri-

fied experimentally.

For these reasons, the Coast Guard has sponsored the present proqram to

correct the indicated deficiencies and to'validate the revised models ex-

perimentally.
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I

"1.2 Program Tasks

1.2.1 Literature Review and Reformulation/Revision of Models

The literature review on spreading, evaporation, and dissolution of

floating chemicals performed for this task concluded that major revisions

to the models were needed to treat continuous spills and spills in a current.

More realistic evaporation and dissolution models were also indicated. Since

the methods used in the existing models did not generally represent the best

available state-of-the-art techniques and, further, the models could give

I unreliable predictions for many types of spills and chemicals of interest,

only the existing model for an instantaneous spill in calm water could be

retained, and it had to be modified to account for mass loss by evaporation

and dissolution. New or modified models were indicated for all other cases

of interest.

In summary, the following new or modified models were developed:

1. Instantaneous spill in a current;

2. Continuous spill in calm water;

3. Continuous spill in a current;

4. Rate of mass transfer by evaporation;

5. Rate of mass transfer by dissolution; and

6. Movement of slick.

In addition, all the spill models now include the effects of a loss of mass.

The models are also in a form suitable to treat spills in channels, rivers,

lakes,. and coastal waters. The waterway current can be constant, or it can

be made to vary in time or spatial position, or both. The wind can be speci-

fied as constant or as a function of time. In short, the revised models can

be used for nearly every practical combination of chemical properties, water-

way type, chemical spill discharge rate and duration, and spill volume.

The models have hevin proqratimved for computerized solution, and pro-

gram listings and flow :harts ,re (liv(en in this report.

2
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1.2.2 Experimental Design

In order to provide data to verify the models, an extensive test

k program was designed. The program was organized into two separate types

of tests: (1) the spreading of large-scale spills in water with and with-

out a current, and (2) the determination of evaporation and dissolution mass-

g transfer rates for non-spreading, floating spills. A sensitivity 3nalysis

of the models was conducted to aid in the test design. This analysis re-

vealed those parameters that have the most influence on the spreading, evapo-

ration, and dissolution predictions and therefore should require control and
0 accurate measurement. The test plan was approved by the Coast Guard.

1.2.3 Data Collection and Analysis

Tests of the spreading dynamics of spills were conducted in two

facilities:

1. A specially-constructed outdoor basin, approximately 18 meters

square by 0.3 meter deep, in which large qjantities of chemical could be

spilled instantaneously or continuously in water without a current, and

2. A modified indoor ciannel, about 14 meters long and 2.5 meters

wide, in which the spreading of continuous spills in various currents could

be conducted.

Over one hundred spreading tests were conducted in these facilities. The

primary data measured were the size and shape of the slick as a function

I of time.

"Tests to determine mass transfer rates due to evaporation and disso-
lution of floating chemicals were conducted in two different facilities:

1. A specially-constructed environmental wind tunnel, in which

winds up to 5 meters/second could be blown over chemicals floating in a

pan about 0.4 meter wide by 1.2 meters long, and

2. A wind-wave tunnel at Flow Research, Inc. (Kent, Washington),

in which floating chemicals could he subjected to the simultaneous influ-

ence of wind and waves.

3



About fifty evaporation and dissolution teAs were conducted. Detailed

concentration measurements as a functinn of winJ speed and wave charac-

teristics constituted the primary data-measured in these tests.

L 1.2.4 Revision and Demonstration of the Models

I In this task, the models of.spreading, evaporation, and dissolution

of instantaneous and continuous spills were compared to the data from a few

typical tests, and the "best" values of each empirical constant appearing in

the models were selected. The results of the remaining tests were then used

Has independent data for model werification. Generally good comparisons were

obtained between the test data and the models.

It is concluded that the revised models are satisfactory for use in

the Ha7ard Assessment Computer System. Some further experimental and ana-

lytical work is recommended to increase the applicability of the models:

o. dissolution of slick into the water caused by wave action;

o slick formation for a continuous spill when the net

"V. transport velocity is very small;

• anomalous behavior of some chemicals for some spill

conditions;

o long-term movement and breakup of the slick in open

""tater.
V.,
V.

"V'

4.'
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II. INTRODUCTION

As part of the Hazard Assessment Computer System of the Chemical

Hazards Response Information System, models have been developed previously

to predict the spreading, evaporation, and dissolution of lighter-than-

water insoluble chemicals spilled in waterways from accidental punctures of

ship tanks ([I], Models 3, 8, and 10; [2], Models II and IV). Since the

models are used both for contingency planning and for the evaluation of

accidents in progress, they were formulated in a general enough way to treat

spreading, evaporation, and dissolution processes without requiring a com-

plete description of water velocity profiles, bottom roughnesses, waterway

cross-sections, puncture shapes, and other data that are unlikely to be avail-

able in practice. As a result, the models are more idealized than a corre-

sponding model developed specifically for a giver spill and wd terwaywuuld ineed

to be. Critical reviews [3,4] have shown that, even so, the models are

overly limited in scope and contain errors in their basic physical repre-

sentations. Therefore, the Coast Guard has sponsored the present program

to correct the indicated deficiencies and to validate the revised models

experimentally.

The previous reviews [3,4] and the review conducted as part of the
present work have concluded that the current HACS models are deficient in the

following ways.

Spreading Processes

1. Only instantaneous spills are treated in detail.

2. The continuous spill model neglects many important effects

and predicts absurd results for a chemical whose density is

nearly the same as water.

3. The effects of currents and winds in alterinq the dynamics

of the spreading and the shape of the slick are neglected.

4. The model describing the spreading of low-vi'rco'it 1 rhemirl'•

is based upon unrealistic assumptions.

5. Spreading of the slick is not coupled to the 1;r ,fr, ,; )f t/

evaporation and dissolution.
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6. The empirical constants in the models have not been verified

experimentally.

Evaporation Processes

1. The evaporation mass transfer coefficients used in the models

apply strictly only to smooth flat plates.

2. The latent heat of evaporation is assumed to be supplied by

the underlying water and the chemical itself, neglecting the

much larger heat transfer from solar radiation and from the

air to the slick. Evaporative cooling of the chemical and the

water is substantially overpredicted in most cases as a result.

Dissolution Processes

1. The dissolution mass transfer coefficient, which is derived

from empirical data on the absorption of gas into water, is

not relevant for the dissolution of insoluble chemicals.

(It is recognized, however, that the prediction of dissolution

of an "insoluble" chemical in a waterway with wind, current, and

waves is a-formidable task and that a simplified mod2l is neces-

sary.)

Slick Movement

1. Movement of the chemical slick 'by winds, currents, and waves

is not included in the models.

Because of these deficiencies, the use of the available models is

limited to instantaneous spills in channels or in unbounded, open expanses

of water, without currents, winds, or waves. Even for the small range of

cases where the models can he used, the predictions are not always reliable

because of the use of vipirical constants that have not been experimentally

verified.

6



The present program was designed to reformulate the models in the

light of the above criticisms and to validate the models experimentally.

The program efforts were arranged into four tasks.

Task 1 -Literature Review and Reformulation/Revision of Models

For this task, the spreading-evaporation-dissolution-movement models

for lighter-than-water insoluble chemicals were reformulated to remove the

limitations and to correct the deficiencies listed above.

Task 2 - Experimental Design

For this task, a set of experiments was designed to validate the

reformulated models. Emphasis was placed on the spreading dynamics of

instantaneous and continuous spills and on the evaporation and dissolution

processes of floating chemical slicks.

Task 3 - Data Collection and Analysis

For this task, the experimental program designed in Task 2 was exe-

cuted. The spreading of both instantaneous and continuous spills was in-

vestigated in calm water and in a flowing channel, using large-scale facil-

ities at Southwest Research Institute. Mass transfer coefficients for evap-

oration and dissolution of floating, insoluble chemicals were determined

from wind tunnel tests at Southwest Research Institute and from wind-wave

tunnel tests at Flow Research, Inc. at Kent, Washington.

Task 4 - Revision and Demonstration of Mathematical Models

For this task, the reformulated models were compared to the experi-

mental results and revised as indicated by the comparisons. Each model

was also computerized and documented.

This report is generally organized in agreement with the four tasks;

the major exception is that the model revisions indicated by the test results

are incorporated in the descriptions of the models at the time they are first

given. All the data from the tests are presented in the companion Test Data

Volume of this Final Report.

7



111. REFORMULATION OF MiODELS

III.1 Backround and Common Assumptions

he models developed in this report are based upon a number of assump-

tions t at have been made primarily to eliminate the need for detailed de-

scripti ns of the waterway and the spill, rather than to simplify the basic

physica' phenomena. To avoid repetition, the assumptions common to all the

models are listed together here.

Waterway Assumptions

ý.l If the waterway is a river or channel, the width is constant.

The surface current can be a function of time but, at any time,

it is the same at all points along the surface. If the water-

way is a lake or coastal water, the current can vary over the

surface in a discrete fashion as well as with time.

.2 Blockage and interference effects due to the presence of the

cargo ship in the waterway are neglected.

4 ill Assumptions

Sr.1 A continuous spill is characterized by a constant mass flow

rate, a specified spilling duration, and the relevant physico-

chemical properties.

S7.2 An instantaneous spill is characterized by the total mass of

chemical released and the relevant physico-chemical properties.

S eaad in_ Assumptions

SAl Details of the spill source, such as the punctbre size, the dis-

charge velocity, and the location of the puncture with respect

to the wal.vrline, are nej(Ilcted.

i~ ~ is i i I I I I
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S.2 The variation of physico-chemical properties, such as the

spreading coefficient, as the chemical dissolves into the

water is neglected.

Evaprat~io~n and i~sso-lution Assumptýion~s

E.l Mass transfer on both sides of the air-water-chemical interface

is described by a convective process based upon boundary layer

theory.

E.2 Sufficient heating of the slick from the surrounding environ-

ment (solar radiation and heat transfer from the air and the

water) is assumed such that the temperature change of the

slick from evaporative cooling can be neglected.

The consequences of these assumptions are not severely limiting.

The waterway assumptions imply only that localized effects cannot be pre-

dicted. The spill assumptions are all physically reasonable. The spread-

ing assumptions imply that the dynamics of the spreading cannot be predicted

in detail at points very close to the source, but this is acceptable since

floating spills typically spread over large areas and the potential lack of

an accurate spreading-rate prediction near the source is therefore not of

crucial importance. Assumption E.2, concerning the smallness of evaporative

cooling, has been made to eliminate the need for a complicated heat transfer

model. (For very volatile or cryogenic chemicals, which are not of interest

here, the assumption may be invalid.) Dissolution, as computed on the basis

of boundary layer theory (assumption E.1), may account for only a small part

of the mass transfer into the water when droplets of the chemical are dis-

persed directly into the water by the action of the wave-;. In addition,

other kinds of diffusion processes may be important for those chemicals

that have an affinity for water at the molecular level, even Though they

are insoluble. Thus, of all the models developed here, the dissolution model

is the most idealized. However, there are no models available at this time

that can d&scribe more realistically the actual dissolution processes that

occur for a floating slick of insoluble chemical in the presenrce of winds,

waves, and currents.

1 10

•4. * __0



G I .

The analytical models used to predict the spreading, evaporation,

dissolution, anO movement of continuous and instantaneous spills are. pre-

sented in Sections 111.2 through 111.5. Table IIl.1 summarizes the pre-

sentations and can serve as a guide for reference.

111.2 Spreading Models

111.2.1 General Discussion

The venting rate model of the Hazard Assessment Computer System has

* been revised and validated [5,6], and it may be used to estimate both the

* total amount of cargo released into the waterway and the duration of: the

4 discharge. (Discharges of moderate duration, say about 10 minutes, can. be

analyzed as a continuous release, but in the computerized version of the

models, recommendations, based on physical considerations, are made in the

output as to whether such a spill should be analyzed more appropriately as

instantaneous.) Knowing the anount of chemical discharged and the discharge

duration, spreading models are needed to predict the size and sbape of the

floating slick and how the size and shape change with time. 14odels are

developed below that can be applied to rivers, channels, lakes, and coastal

waters to make the required predictions. In general, only calm water with

or without a current will be treated; waves may alter somewhat the rate of

spreading predicted for calm water, but these effects are beyond the present

state-of-the-art. The spreading models also provide a convenient center

about which to make mass balances of the spilled material.

In the past, two different methods have been used to formulate spread-

ing models [7,8]. In one, the forces tending to promote and to retard the

spreading are determined from physical laws, and the spreading models are

deduced from the balence of the forces. In the other, the spreading is

merely hypothesized to be similar to turbulent diffusion, and the spreading

law is formulated using the principles of Fickian diffusion. The first

method is chosen here for several reasons:

1. The dynmimicaI hasis of the diffusion models is obscure [8].

Spreadinil by i rbhulent dil Ik;i-Jon is phyl;icdlly justifiable

ii



TABLE 111.1 GUIDE TO ANALYTICAL MODEL DEVELOPMENT

WATERWAY CURRENT SPILL TYPE DESCRIPTION
T_'RWA_ AND WIND PAGES

Channel Zero or One-dimensional
or Non-zero Instantaneous spreading model 19-21

RiverChan........ . ..... ... . . .- -.. . .

-Channel One-dimensional
'or Zero Continuous spreading model 21-23

River
Open Zero or Instantaneous Radial spreading 13-19
Water Non-zero model

Open Radial spreading 21-23
Wtr Zero Continuous modelSWater model

Channel One-dimensional spreading

or Non-zero Continuous with effects of current 24
River included

Open Non-zero Continuous Elongated triangular 23-24
Water spreading model

C"hannel Non-zero Instantaneous Evaporation rate -32
or or 29,•wind model

River Continuous

Open Non-zero Instantaneous Evaporation rate 29-32
Water windr model

Continuous

Channel Instantaneous
or Non-zero or Dissolution rate 36-39• , orwind ormodel

River Continuous

Open Non-zero Instantaneous Dissolution rate
Water wind or model

•. Continuous

Channel Instantaneous
or Non-zero or Slick movement model -41

River Continuous

" Open Instantdneous
Non-zero or Slick movement model 41-43.,, WaterWaterContinuous

.4.

. ,? -

"p • " " . . . . . ." " .- ,-." ,1 '- : " . I '. . • ", 1 .... 1 , , " '
2• ' .L , ' ,. .-. " " . ' .-.-. " .- . "" . . " - - -". . '" - '".'



only for "passive" substances that dissolve in water and be-

come indistinguishable from it (except for "marked particles").

S2. Methods for predicting diffusion coefficients for the surface

spreading of insoluble, floating chemicals are not available.

Most work in the past has been after-the-fact curve fitting

to the observed spreading rates of large-scale spills in open

water [7,9,10].
',

"A third approach combines both types of models [11,12], but this does not

g .avoid the problem of finding diffusion coefficients. The models developed

in this report are based upon the first approach mentioned above. Such models

are capable of being interpreted physically and lead to expressions contain-

ing a minimum of empirical constants; in addition, the empirical constants

Scan be determined readily by laboratory-scale experiments.

111.2.2 General Description

m The revisions that have been made to the previous spreading models

[1,2) consist of:

.o adding realistic models of continuous spills;

o including the effects of current and wind on the shape and

the spreading of continuous and instantaneous spills; and

0 including the effects of a loss of mass from the spill

(evaporation and dissolution).I
"In addition, the models have been put in a form that pennits. a ready solu-

tion when a loss of mass occurs. The empirical constants in the models have

been determined by experimentation, in some cases for the first time, and in

j all cases by the use of larrier spills than had previously been used.

111.2.3 Instantaneous Sp.il.ls

The (level olinent. of predictive method , for in',tantaneous spills is

*., exanpl i f i ed by rdy' ,, work [ .31 , wh i h has s in( , beei expanded and modi f i ed
p
p

' I.
/
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by others [14,15]. Earlier Blokker [16] had considered some parts of the

* same problem. The final forms of the models used in the present report are

similar to the modifications suggested by Mackay [17].

Figure 111.1 shows several stages in the idealized spreading of a

floating, insoluble chemical in an open body of calm water without a current.

The spill is assumed to occur instantaneously. During the time period when

the slick is relatively thick, gravity (i.e., buoyancy) causes the chemical

to spread laterally. As can be seen from Figure III.la, there is unbalanced

force, Fg, directed radially outward around the non-submerged part of the

periphery of the slick; the magnitude of the force is roughly:

Fg W 27R[ pogh 2 (l-Po/p)]

Here, g is the acceleration of gravity and the other quantities are de-

fined in the figure. Because of the unbalanced force, the spilled chemical

rapidly attains a radial velocity that can be estimated roughly as R/t,

where t is the elapsed time since the spill occurred. The average dccel-

eration of the spilled liquid is thus R/2t 2 . Fay [13] hypothesized that,

in this early phase, the gravitational spreading force is balanced almost

entirely by the inertial force associated with the acceleration of the slick.

Thus:

2nR ½ pogh' (l-po/p)! C<Po (TR2h)(R/2t 2 ) (1112)

Solving for R as a function of time gives:

R - K10 (V0 g".) t½ (11.3)

Here, K10  is a constant of proportionality, Vo = irR2 h is the volume of

the spill, and A = l-po/p.

At some later time, the acceleration of the spill will have decreased

significantly because the viscous drag of the water on the slick will hav(,

beccine predominant; see Figure Ill.lb. The viscous drag can be estimated

as follows. The thickness 6 of an unsteady, viscous boundary layer is

14
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roughly ( t/pw)4 , and the viscous shear at the water-chemical interface

is about pw V/6. The velocity V will again be approximated as R/t.
p

J During this period, the balance of gravitational and viscous drag forces

is thus:

21R ½ pogh7 (]-(,o/p)l ce. rR2 1w (R/t)/(Itw t/p)'J (11I.4)

. Solving for R as a function of time gives:

R = K20  VoA4 IN; I . (111.5)

where vw = jw/P is the kinematic viscosity of the water. A factor of

* (po/p)1 in Equation (111.5) has been neglected on the basis that it is

close to unity. In fact, in all the spreadinq models, p0  and p will

be assumed to be interchangeable except when their ratio is subtracted

from one (i.e., except in A). Equation (111.5) is strictly valid only when

the thickness h of the slick is less than the thickness 6 of the boundary

layer, When this is the case, the slick appears to move as a "slug". The

flow in the slick is undoubtediy of the slug type when the viscosity Po

of the spilled material is much greater than pw, but Buckmaster [18] has

shown that a slug flow is the type of flow that occurs even when Vo < Pw,

so long as lo/vw > 0.1 or so. Since Vo/iw > 0.1 includes all chemicals

of interest to the Coast Guard, a separate "low viscosity" spreading model

such as given in [1] is not developed here.

At sonte point, the slick becomes so thin that gravity forces are

negligible. Then, the relatively small interfacial tension at the periphery

will be the dominant spreading force. From Figure I1.lc, the net spreading

force is now roughly 2-nR ('Jaw'-oa -now) = 2TiRa, where a is the "spread-

ing coefficient". Here, u is assumed to be positive, although negative

values are also possible; the case when a < 0 will be discussed later.

The balance of forces is:

2,1 Ruo itR 1 ' w (R/t) / (Iiwt/p) (I1I.6)

Solving for R as a function of timc oives:



R K3 0 (,1/1) `w) t

Note that in this phase of the spreading, the rate of spreading is indepen-

dent of the spilled volume. But since the time at which Equation (111.7)

becomes applicable depends on the spilled volume, the magnitude of R is

actually an implicit function of Vo. It is also worth noting that Equations

(11l.1) - (111.7) apply even when the volume Vo itself changes with time,

as it would for a continuous spill or when evaporation and dissolution occur.

The approximate e apsed time when one phase of spreading ends and

another begins is assumE I to be the, time when the preceding and the succeed-

ing phases predict the sime slick radius [13,14,15]. Thus, the end of the

gravity-inertial phase, and the beginning of the gravity-viscous phase, can

be found by equating (III.3) and (111.5) to give:

tl = (K2 0/KIO) [V(j/vwgAJ (11.8)

Likewise, the beginning of the surface tension-viscous phase occurs at

t2 z (K2 0 /K3 0 ) [V0  w (111.9)

In the surface tension-viscous spreading regime, the slick is ex-

tremely thin, on the order of lO-5 to lO-4 meters, according to the experi-

ments to be described later. The evaporation and dissolution from such

thin slicks is negligible; that is, a. thin slick would rapidly disappear

if the evaporation and dissolution were not negligible. Most of the hazards

are presented by the earlier phases of spreading (the so-called "thick

slick"). Thus, in the instantaneous models developed here, the "thin" or

surface tension-gravity slick will be neglected. Further, the end of the

first phase (the gravity-inertial phase) of the spreading occurs soon after

the spill occurs, in comparison to the total time duration over which the

thick slick spreads. In addition, the spreading during the first phase is

somewhat dependent on the size of the puncture in the ship tank, whether

the punoct t, is sitdliiP•t•jd or not, and other details of the source of the

,pill th,at ctiiit). 6I' includvd in the, model. For tho-i, reasons, the raravity-

in rfl.ial I.III .1'a' ol* Iht1, ',pr.ind irig s ionly in(i I ,ied in the mo(dtel as' anr initial

17
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condition on the gravity-viscous phase. Since the gravity-viscous phase

constitutes the gredt bulk of the thick slick spreading time, neglecting

the details of the gravity-inertial phase is not a serious limitation to

the model.

* When mass is lost from the spill by evaporation and dissolution, the

i preceding formulation of the model is inconvenient, since V0  is then a

"* function of time. For that reason, the model of gravity-viscous spreaoing

is rewritten as suggested by Mackay [17]. From Equation (111.5), the sur-

face area of the slick is:

.A A K2  [VogA//,w] t (111.10)

The rate of change of the area with respect to time is thus:

dA ½"t
d ="K 2 0' [Vo0 gA//w t

+••: K20' [gAVO/V'7w]' ;11t (dVo/dt) (~~l

Eliminating the time variable between Equations (III.10) and (III.11) and

using the definition that inloss = -podVo/dt gives:

dA -

dt ½ (Ir K2 0 )" [gAl/] h A

- 2#• (r 1oss/poh) (111.12)

This equation must be augmented by the initial concition that A Ai ,

where Ai is the area of the thick slick at the end of the gravity-inertial

phase:

Ai , ?O, (K2 0 /KI 0 ) [ 1 ,jy/,w> (II1 .13a)

The time at which Aj occurs is given by Equation (III>.)"

t)8



Equation (III.13a) is obtained by combining Equations (111.8) with either

(III.3) or (111.5). A relation predicting the value of h(t) is also

needed; since poAh is equal to the total mass in the spill, it is evi-

dent that:

dh
dt "[inloss + poh (dA/dt)]/poA (111.14)

with the initial condition that hi = Vo/A at time ti. Note that the loss

of mass is neglected during the short period when the slick is spreading in

the gravity-inertial phase.

Models for a spill in a channel of width w, where the spreading

occurs one-dimensionally rather than radially, can be developed analogously.

Table 111.2 summar'izes these one-dimensional and radial instantaneous-spill
models. The numerical values for the empirical constants, C10 , C2 0 , K10 ,

and K2 0  shown in the table will be discu!.sed in Section V'.

In the computerized models, the radial-spreading model is also used

to compute the initial phases of spreading of a spill in a channel. The

one-6imensional spreading model is used to continue the computations after

the slick has spread completely across the width of the channel (that is,

after the effects of the channel boundaries become evident). The radial

and one-dimensional models can also be applied to spills occurring when

there is a current or a wind. The current and wind merely translate the

entire slick as a body without affecting the spreading. Motion of the slick

.is discussed later in Section 111.5.

When the surface tension spreading coefficient a is negative, the

models developed above for the surface tension-viscous phase of spreading

are no longer applicable. In fact, a surface tension spreading phase does

not exist when a < 0, and the spreading ceases when the gravity force is

balanced by the interfacial tension. At that time, the slick breaks up

into many smaller slicks, or "lenses" [19]. The main effect on the spread-

ing of the thick slick, which is the part of the slick of primary interest

here, is that the sprLidinq maty cveaS at a som(what 1arrier thickness than

when o > 0. The ull. im, hic , icknti'-, (,rl he, (,ItimaLtd [19] as

19
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Niinimum ( - 2o/pogA)½ (111.15)

For example, if a = -1 x 10-3 newtons/meter, po = 900 kg/m 3 , and A= 0.1,

the predicted hminimum is about 1.5 x 10- meters. It is recommended that,

when a < 0, Equation (111.15) should be used to compute a minimum value of

slick thickness; this value can then be used as an input to the computerized

model to account for the diminished spreading of the thick slick.

111.2.4 Continuous Spills

The models described in Section II.2.3 for instantaneous spills are

readily modified to cover continuous spills when there are no currents or

winds. The spilled volume Vo is merely replaced by the volume discharged

up to time t, i.e., by kt/po. (Recall that the derivation of the models

did not. require that Vo be constant.) For example, Equation (111.5) be-

cones

R K2 1  ) _I w t (111.16)

(The constant of proportionality K2 1  is allowed for generality to be

different from K2 0 , the constant in Equation (111.5)). When the models

are expressed in terms of areas, the resemblance to the instantaneous models

is even more clear. Table III.3 summarizes these models. Once again, the

model for an open-water spill is used in the computerized version to predict

the spreading of a spill in a channel until the time when the spill com-

pletely fills the width of the channel. (The numerical values of C11 , C2 1 ,

Kll, and K2 1 are discussed in Section V.1)

One major difference between a continuous and an instantaneous spill
is that for a continuous spill the surface tension-viscous phase occurs simul-

taneously with the gravity-viscous phase rather than following it in time.

Thus, the part of the slick that is spreading in the gravity-viscous phase

(i.e., the thick slick) miust supply the mass needed by that part of the slick

spreadinq in the ;urfact, tviension-viscous phase (i.e., the thin slick). Al-

thouqh t I dll p ,l i'fil It)'1', (i lld Iohi r(fil [ithe thi(ck, slick is sn 11 , the models do

account for it. The e llhod sel, is, I.hlt. %ii(pl'tC(I by Mick(y [17]. The thin

21
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slick is assumed to have a constant thickness h. Further, the init al area

of the thin slick is assumed to be some multiple (Mackay suggests eight) of

the initial area of the thick slick. The rate of change of the thin slick

area, A, is also shown in Table 111.3. Since the experiments to b de-

scribed later did not attempt to establish the empirical constants o the

surface tension-viscous phase, the constants suggested in the litera ure

(7,8,13,14] are used in the models. It is emphasized that the spreacing of

the thin slick is used only to compute a relative7Y small, apparent loss

of mass from the thick slick so, these approximations used in developing thin

slick models are not a limiting factor in the accuracy of the models.

When there is a current or wind that transports the slick, the shape

of a continuous spill is distorted and the previous models are not applicable.

The upstream edge of the slick remains fixed to the source but the rest of

the spill is transported downstream. Thus, the slick is no longer syt Imetric

(one-dimensional or circular) about the source. Waldman, et a]. [7] mas,

however, developed a model of a continuous spill in a current that is adapted

here for a loss of mass. For a spill in open water, as an example, ttIie down-

stream edge is assumed to be swept away from the source at a speed eqal to

the current UT. (UT will also be made to include the effects of wind, as

discussed later.) The upstream edge remains attached to the source. 'The

sides of the slick are assumed to spread laterally in accordance with one-

dimensional gravity-viscous spreading. The resulting slick has a triangular

shape, with the vertex at the source and the base at the downstream edge.

To develop the model, it is imagined that a stream of instantaneous spills,

eaqh of volume m 6t/2po is transported downstream with a speed UT, and

the slick from each such spill spreads along a channel of width UT6t!

perpendicular to the direction of the current. (The factor of one-hal~f

accounts for the fact that only half the spill spreads in each directi~on.)

The width W(x) of the resulting slick at any downstream location x can

therefore be derived from transforming the one-dimensional instantaneois-

spill spreading model as follows:

gA (nm At/2pO) 2

W(x) = 2 K2 1  T---)----- t

2 K21 ()JA (,;,/ 2po /IJT J 1, (I .I7)

U .x ; x U TtlUT i /"w

23

/



The initial conditions for the gravity-viscous phase can be derivwd similarly.

Waldman's type of model will not accurately represent the shape of the slick

or the area when the transport velocity UT is small compared to the gravi-

tationally-induced spreading velocity. When UT is small, the slick will

not take the shape of a triangle with the vertex at the source, but instead

will be an ellipse that surrounds the source and extends somewhat farther

downstream of the source than upstream. This kind of spreading may arise when

there is a wind but no current, since only a small part of the total wind

contributes to UT. The computerized models do not include such cases ex-

plicitly. It is suggested that they be treated by first setting UT to zero

identically to compute the size of the slick as a function of time, and then

repeating the calculations with the true value of UT to compute both the

downstream position of the slick and an estimate of the mass evaporated from

the slick.

For a continuous spill in a channel, the model assumes that the spread-

ing is in the downstream direction. The upstream edge of the slick remains

attached to the source and the downstream edge is swept away by a combination

of spreading and transport. Thus, UTw must be added to the dA/dt expres-

sion derived previously for a continuous spill in a channel without a current.

Table 111.4 summarizes the models of continuous spills in a current.

In the computerized versions of the continuous spill models, an appropriate

instantaneous spill model is used to continue the spreading predictions after

the discharge has stopped. For example, for a spill in open water, the in-

stantaneous spill model for open water is used with an initial area, thick-

ness, and mass equal to the final values of the slick from the continuous

spill. There may be a mismatch in the shape of the slick at the time the

switch is made, since the instantaneous spill assumes a circular shape while

a continuous spill in a current predicts a triangular shape, but a more com-

plicated transition model is not believed to be warranted. After some time

has elapsed, the predicted shape of the instantaneous.spill is, in any event,

more in accordance with expectations. (The numerical values of C1 2 , C2 2 ,

K12 , and K?2 are (disc(i'sed in Section V.1.)

24
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111.2.5 Maximum Size of Slick

N All the models must take into account the possibility that the slicks

attain a maximum possible size. For oil, it has been observed that spread-

ing eventually stops for a variety of reasons [7,8]. Experiments with pure

chemicals, as described later, show that although the thin slick may never

U cease to spread (when a > 0), the thick slick apparently stops spreading

"when the average thickness is of the order of 10 meters. When the thick-

ness is less than 10-4 meters, the thick slick becomes indistinguishable from

the thin slick. Since the interest in the Hazard Assessment Conputer System

is primarily in the thick slick, the spreading is assumed to stop when the

"" thickness of the thick slick is less than 10- meters. (In the computerized

version, the user has the option of changing '-he minimum allowable thickness

for-the thick slick.)

-. 111.3 Evaporation Models

"111.3.1 Discussion

I
"In general, the mass and heat transfer processes associated with chem-

ical spills in the environment will be turbulent. For chemical. spills which

float on water, the convective mass transfer associated with evaporation

will be oy a turbulent boundary layer. The primary source of information

applicable to the present problem for spills on water is the literature on

air-sea interactions. The air-sea interaction research involves all of the

relevant mechanisms associated with chemical spills on open water. An excel-

lent review of the subject has been writtan by Coantic [20], and a recent

"collection of papers on the subject is contained in Favre and Hasselmann [21].
.,

".4
".4 - According to Resch and Selva [22], the fluxes for momentum and mass

transfer are given by

0 Pa V%' (Cf/2) (111l)

,°1

= Jo Pa Vw(Cs " C.,) Da (I1.11)

'.2
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where To is the shear stress, Pa the air density, Vw the freestream

wind velocity, Cf the friction coefficient, Jo the mass flux, Cs the

mass fraction of chemical vapor at the surface which is assumed to be at

saturation, C, its freestream value which is assumed to be zero, and Da

the Dalton number. From these equations the surface shear stress and mass

flux can be predicted if Cf and Da are known from theory. The other

quantities can be measured either directly or indirectly. From Schlichting

[23] and classical turbulent boundary-layer theory, the friction coefficient

for a smooth flat plate is

Cf/2 = 0.037 ReL"1 /5 (111.20)

.where ReL Vw L/va is the Reynolds number based upon the length, L, of

the plate. By Reynolds analogy from Eckert and Drake [24], the Dalton

number is

Da 0.037 ReL -1/5 Sc" 2/3 (1ll.21)

where Sc = va/D is the Schmidt number and D the molecular diffusivity of

the chemical in air. This Dalton number relation was used in (1) for the

calculation of mass transfer in the present HACS program.

The present flat plate boundary layer model in HACS is not applicable

to flows over water for the following reasons:

(a ) According to Wu [25], the ocean is aerodynamically smooth only

for wind speeds of less than 3 m/s.

(b) A water surface is not rigid.

(c) Reynolds analogy Ii not valid for rough surfaces. Roughness

will increase momentum transfer, hut heat and mass transfer may

diminish with roughness.

(d) A length scale L is difficult to define in an atmospheric

boundary layer.

The previous theoretical1 dvv ioln.uent for turbulfmnt boundary layers is

bas'ed upon outer-scale vari-.hbl ,s w .rr, I. t •f .rui .r ', Jl I re Vw, L', and the
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boundary layer thickness 6a" The boundary layer thickness is related to

the longitudinal length scale by

6a/X = 0.37 Rex-1/ 5  (111.22)

"•e revised model for HACS 'is based on inner-scale variables. Near

the water surface the velocity and! concentration profiles are universal and

independent of the outer scales. the fluxes away from the surface where

i
* molecular effects are small are given by

T/pa -< uw > (111.23)

%J'/Pa c(111.24)

where the cross-correlation <uw>i is also known as the Reynolds Stress.

In the layer outside the viscous sublayer the fluxes are constant and the

profiles are logarithmic. As a consequence of the constant flux hypothesis,

the profiles are

u+ (U - Us)/u, A tn (z+/Zo+) (111.25)

c+ (C - Cs)/C. = A Stt Ln (z+/zoc+) (111.26)

where A = is the reciprocal Von K0-man constant, zo the integration

constant or roughness parameter, Sct the turbulent Schmidt number,

Z+= zu,/v, u, and c* are the friction velocity and concentration, and

U and Cs are the surface values of velocity and concentration. The pro-

files in Equations (111.25) and (111.26) are dependent only on the surface

roughness and not on any external length scale.

111.3.2 General Descr.iption

The evaporation model for the HACS revision is based on inner-scale

variables in contrast to outer-scale variables of the previous HACS model.

The new model has the following features and advantaqes:

S,.• ' " • • .,. . .



(a) No external length scale such as a spill dimension is required

for the calculation of Dalton number, Da.

(b) Roughness effects, i.e., wave height, are included. The flow

is defined to be rough at wind speeds above 5 m/s.

(c) Only standard meteorological and oceanographic data (that is,

air temperature, barometric pressure, wind velocity, sea surface

temperature, and wave height) are required as input data.

(d) Wind velocity data are based upon a standard height of 10 meters.

Additionally, all the necessary physical property data for air, water,

and some representative chemicals have been included in the computerized model

to make the mass transfer calculations. Chemical diffusivities are required

for the Schmidt number in the mass transfer calculations, but this informa-

tion is not included in the present CHRIS Hazardous Chemical Data files. A

detailed description of the mathematical models for the chemical properties

is contained in Appendix A with tables of the properties at standard condi-

tions.

111.3.3 Evaporation Rate

A reciprocal Dalton number is calculated for mass transfer from a

theory by Kader and Yaglom [26,27] and Yaglom and Kader [28] which is given

by

Da, a A Sct In 3+ + 0 (Sc, hm+) + al (111.27)

where 6+ is the boundary layer thickness in inner-scale variables, a is

a universal function based upon Schmidt numbe- and the mean protrusion (wave)

height hm, and a1 is a constant dependent'on flow geometry. For a boun-
dary layer a, is 2.35. The Dalton number Da* is non-dimensionalized with

u. rather than Vw. The inner and outer scale Dalton numbers are related by

Da = Da* (u./Vw) (111.28)

Thus, the mass transfer calculation is accomplished in Equation (111.19) by

replac,,ent of Vw Da by ij, lDa*. Tht e r nriction for a smooth surface
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from Kader and Yaglom [27] is

a 12.5 Sc + A Sct £n Sc -5.3 (1II.29a)

and for a rough surface from Yaglom and Kader [28] is

8 0.55 /•m+ S - 0..) - A Sct In hm+ + 11.2 Sct (III.29b)

Also, from [28] the turbulent Schmidt number, Sct, is 0.85.

A sample calculation of Dalton number for the evaporation of water

from a smooth surface is presented in Figure 111.2 where the Schmidt number

for water vapor is 0.593. The theory of Kader and Yaglom [27] is compared

to that of Street [29] which is a related theory. A review of these and

other mass transfer theories is presented in [30]. Also, for comparison,

the results of wind tunnel experiments [22,31] are also included in

Figure 111.2. The results in [22] are probably from smooth flow since their

wind speed was 3.5 m/s; however, some results in [31] are for rough flow.

Since no wave height measurements were reported for either set of experi-

ments, no compdrison is possible with rough flow theory. The following

conclusions can be drawn from Figure 111.2:

(a) The scatter in data for evaporation experiments is large.

(b) The agreement between theory and experiment is poor.

(c) The theories of either Yaglom and Kader [28] or Street [29]

are adequate for the present application.

The only information required in addition to the meteorological and

oceanographic data for the calculation of mass transfer is the friction
velocity. The friction velocity is computed from the wind-stress coeffi-

cient as follows:

u, = Vw (Cf/2)½ (111.30)

where Vw is the wind velocity measured at 10 meters above"the water and

Cf/2 is the wind-stress coefficient. Nuinurous models of wind-stress
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coefficient are available in the oceanographic literature. Some representa-

tive relations are summarized in Table 111.5. 1 The equations selected for

this program are from Wu [25]

Cf/2 = (0.8 + 0.065 Vw) x 10-3 (II1.31a)

for 1 < Vw < 20 m/s and

Cf/2 1.25/Vw x 10-3 (III.31b)

for Vw •. 1 m/s. In the computer program, the 1 m/s boundary between the two

values of wind-stress coefficient is set at 3.064 m/s. At this wind velo-

city the two wind-stress coefficients have the same value. In addition,

Wu [25] states that the flow is aerodynamic~lly smooth for Vw < 3 m/s.

The selection of Wu's model was arbitrary. However, the Wu model is simple,

and it is similar to those of other investigators.

In the event that wave height information is not available, the wave

height can be modeled with the following relation from Van Dorn [34]

hm = 0.01384 Vw (111.32)

where Vw is in meters/second and the mean wave height, hm, is in meters.

This equation is valid only for a fully developed sea; thus, it is an upper

bound for wind generated waves. With Equations (1I1.31a) and (111.32) the

wave height can be calculated from the wind speed as an inner-variable scale.

The result is plotted in Figure 111.3.

A plot of some of these relations is presented in [32,331

32



- ~ ? C\J ('J (\J C c \j
4J E I I I

U")

LL.0

Lc)

L~CL

LA- Ln m toA
0L %L&J to to-

Ln 0 00 0 0

Ca. r-. C'J (ON '. 0 ((a .o .ý CC-0rl 0

(U

LA 
0

4- _s_ r. C

I- m 4 --

LAJ D

333



105

<4o4

103

h
I II Ia

4 6 8 10 12 14

Wind speed Vw' meter/sec

Figure 111.3. Mean Wave Height in Law-of-the-Wall Coordinate for a
Fully Developed Sea as a Function of Wind Speed

34

"0.



111.4 Dissolution Models

111.4.1 Discussion

The dissolution model in the present HACS model is one which is valid

only in rivers and streams. The dissolution model included in HACS [2] was

developed by Fortescue and Pearson [35] for the dissolution of gases in flow-

ing water. A more recent model has been included in the revision.

For dissolution in open bodies of water such as lakes and coastal

waters, the mass transfer model described in the previous section has been

applied to dissolution. The mass transfer process on the two sides of the

gas-liquid interface has been assumed to he the same. A boundary layer is

formed in the liquid by the transfer of momentum to the water by the wind.

Since the shear stress across the interface is assumed to be continuous, the

friction velocities in air and water are related as follows:

U*w = u*a (pa/P)½ (111.33)

With this assumption, dissoluti)n of the chemical spill into the water can

be computed with the same equations as its evaporation into the air.

111.4.2 General Descripticn

The dominant effect in dissolution is the Schmidt number for the

chemicals in water, which is on the order of a thousand. According to

Shaw and Hanratty [36], the Dalton number for sufficiently large Reynolds

number and Schmidt number will reduce to

Da, K Sc-n (111.34)

where 2/3 < n • 3/4 and K is a constant determined from experiment. As

the previous section states, information for Schmidt number is not included

in CHRIS. The description in Section 111.3.2 for evaporation is also valid

for dissolution. The length dimension for 6+ in Equation (111.27) must be

large compared to 6c and was assumed to be one meter.
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111.4.3 Mass Transfer From Sli.k Into Water

The mass transfer calculations for dissolution in lakes, coastal

waters, and the open ocean are accomplished with the same equations as for

evaporation. From the wind velocity, the friction velocity in air is com-

puted from Equations (111.30) and (IIi.31a,b) and the friction velocity in

water from Equation (111.33). The Dalton number Da, is calculated from

Equations (111.27) and (III.29a,b) where the physical properties such as

Schmidt number, density, and viscosity are for water. Then, the mass

transfer in physical units is computed from Equations (111.28) and (111.19)

where the density is now the water density, Cs now the water solubility

of the chemical in mass fraction of water, and the freestream concentra-

tion, CCO is zero.

The Dalton number for dissolution in a river or stream is calculated

from a formula recommended by Ueda, et al. [37] as follows:

Da, = 0.0626 Sc 3  (111.35)

In this formulation, the Dalton number Da, is based upon the friction

velocity for the bottom. No correlation for the friction coefficient for

rivers exists which is similar to that for wind stress in Table 111.5. In

the absence of such a corre'ation, the following was applied from

Schlichting [23] for a completely rough regime.

(Cf/2)½ Uc/u* = 5.66 log (2d/hs) + 4.92 (111.36)

where hs is Nikuradse's sand roughness, d is the depth of the river,

and Uc is the mean current. Also, Fischer, et al. [38] claim a reason-

able assumption is u, = 0.1 Uc.

Shear stress velocity can easily be computed from Equation (111.36)

for a river; however, an estimate must be made for the bottom roughness.

Experimental results for various channels conpiled frow Fischer, et al.

[38,39] are suwriarized in Table H11.6 and plotted in Figure 111.4. The

data in Figure 111.4 art, crAiipIred with the diioo th chinnel theory of
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Blasius for turbulent flow. All data, with the exception of Yotsukura and

Sayre [40] are consistent with a rough wall hypothesis. The average- value

of the shear stress coefficient, Cf/2, for the experimental data is

5.4 x 10-3 which corresponds to a relative roughness of 2d/hs = 34.4 from

Equation (111.36). Thus, roughness height can be estimated from

hs = 0.0581 d (111.37)

where the mean depth, d of the river must be given.

111.5 Movement Models

111.5.1 Discussion

Wind, waves, and currents affect both the shape of a continuous spill,

as was discussed in Section 111.2.4, and the drift or overall movement of

either an instantaneous or a continuous spill. Nearly all the transport pre-

dictions in the literature conform to the basic premises of the "Navy" model

[41] which states that the vector displacement AR of an element of the

slick is

A 0' At + At,, At (A11.38)

Here At is the computational time period; is any current that is not

produced by the wind; Vw is the wind 10 meters above the water and Kw is

a factor that relates the wind to the current produced by it; and Uw is a

drift-current produiced by any waves not directly due to the wind. The value

of the wind factor Kw is subject to some dispute, but values of 0.03 to

0.04 are comrnonly accepted [7]. In the computerized models here, a value of

Kv = 0.035 is used. The effect of waves in producinq a net transport current

U*4 is usually small and is neglected [7, 8, 42]. For the computerized

models developed here, the currents and wind values are supplied as input

data, as described below. Sets of typical data for selected bodies of water

of unusual importance can also be developer i'n advance, which is the method

used in the Norweoian "OILSIM" model [11].
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111.5.2 Rivers and Channels

For rivers and channels, either a constant current or a tidally-varying

"current can be used in the computerized models. Tidal currents are assumed

to be of the form

.!c = Uo + U1 sin [2'7 (t+ 1) (111.39)

where Uo and U1 are the constant and the time-varying components of the

current, T is the tidal period, and a is a parameter chosen such that

the appropriate phase of the tide will coincide with time t = 0 of the

spill initiation. The wind is assumed either to be constant or a specified

function of time. A time-varying wind is simulated by giving the wind speed

at up to ten different instants of time.

Instantaneous Spills. - The slick formed from an instantaneous spill

is transported in accordance with the motion of its centroid. That motion
is computed directly from Equation (111.38); however, only the component
of the wind aligned with the channel is used in the wind term, 0.035 V- At.

Continuous Spills. - Equation (111.38) is used to evaluate the trans-

port velocity UT needed in the spreading mojel. Since a time-varying UT

is not permitted in the continuous-spill spreading models as formulated here,

"a time-average UT is computed whenever U or V" is a function of time;-

the average Is taken over the shorter of the spill duration or the tidal,

cycle tr. givý.

UT r Uc + 0..35 Vw Cos 0 (111.40)

where e is the angle the wind makes with the current direction.

The' slick fotiiiod by o continuous %pill must rtd in attached to the

, S011' . It' I[hi, curr• ol is I idol , anf INh, r(-vvr9 ,; flow is ,ifnir ficont, 11h,

-0 itk is , aI Iw,,l tOI• : i l b thh rvwr,•,d flow aftr the jpradinI ha-,

hel'ot ac(o n110 for, 141. Ite104, (1 it I0im i't,i-d t 1. vI'termii.ne t he io 0g iitI(,a04i ol f he
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movement is whether the average value of UT is greater or less than three-

tenths of the maximum value of UT. When UT > 0.3 (UT)maximum, the back-

and-forth motion of the slick is small compared to the overall downstream

motion of the leading edge, and the reversed motion of the slick is neglected.

"When UT < 0.3 (UT)maximum, on the other, hand, a definite reverse motion of

"the slick is noticeable, and the slick may move upstream of the source

temporarily. In the computerized version, the motion of the leading and

trailing edges of the slick for this latter case are approximated ai:

AZle = AA/2w + UT At (III.41a)

AZte' -AA/2w + UT At (III.41b)

Here Ai is the change in area caused by the spreadinq (computed from the,

average UT) over the time interval At. If Equation (1II.41b) predicts

that Zte > 0 (where Zte = Z Azt, summed up to the time of interest),

the computerized model sets zte = 0 since the trailing edge of the slick

cannot move downstream of the source. (That is, a tidal current may trans-

port part of the slick back past the source but it cannot separate the slick

from the source.)

After a continuous discharge has ceased, the subsequent motion of the

slick is treated similarly to that from an instantaneous spill.

111.5.3 Open water

In the computerized models, two kinds of "open water" can be speci-

fied: lakes and coasts. A lake can be further idealized as essentially

circular or rectangular, or the boundary coordinates of the lake can be speci-

fied at up to ten locations to allow a more realistic descriptio,. Likewise,

a coast can be specified as straight or by giving up to ten pairs of coordi-

nates to describte a mone realistic shape. The wind can be specified either

as const,int or is a furnction of timte in a way %imilfr to that described for
r'ivers and ('h,Itlt'I •. 1ho, itr-rvnt. (.in I, ,liwn ,is ,ia ( ,t.ant for the entiro,
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body of water, or as a function of time (by giving values at up to ten in-

stants of time), or as a function of position (as described below), or as a

function of both time and position.

To describe a current as a function of position in the computerized

models, a grid is superimposed on the water-body description, as shown in

Figure 111.5. The x and y components of the currents must be specified

for each of the nine rectangular "boxes" (for lakes) or "slices" (for coasts).

(The numbering system used in the computerized models is shown in the figure.)

If the current is also a function of time, the x and y components must be

given for each of the boxes or slices at up to ten instants of time.

Instantaneous Spills. - The movement of the slick formed from an in-

stantaneous spill is computed as a function of time from Equation (111.38)

until the edge of the thick slick arrives at a boundary of the open water.

Continuous Spils. - For a continuous spill, the time-average value

of UT for the box or slice containing the spill source is used in the

spreading models to compute the spreading rate. The positions of the lead-

ing and trailing edges of the slick are computed, however-, from the currents

appropriate to their positions whenever the current is a function of posi-

tion. The method used is similar to that described previously for tidal

currents in a river or channel. This can lead to some discrepancies between

the area of the slick, the width of the slick, and the positions of the

leading and trailing edges, but the computation described is the best that

is possible unless a much more complicated spreading model is used.

The dynamics of the spreading are computed as a function of time

until the leading edge of the thick slick arrives at a boundary. After a

continuous discharge has ceased, the subsequent motion of the slick is

treated similarly to that from an instantaneous spill.
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111.6 Effects of Spill Parameters on Model Predictions

111.6.1 Discussion

The spreading, evaporation, dissolution, and movement models contain

a large number of parameters. In order to demonstrate the use of the models

and the importance of various parameters, the effects of four of the more

importantparameters are investigated: volume of chemical released or dis-

charge rate; chemical density; currert; and wind speed. These parameters

are varied about a "standard" set of parameters for a spill in a large water

body. The standard chemical is chosen to have the sdme properties as octane,

with the exception of density. Octane is nearly insoluble (its maximum solu-

bility is 0.02 kg/M 3 ), so the effects of the parameter variations on dissolu-

tion are small in comparison to their effects cn evaporation; this behavior is,

however, typical of mirst of the chemicals of interest to the USCG.

111.6.2 Instantaneous Spills

An instantaneous spill is assumed to occur in a large body of water

having a depth of 100 meters and a current of 0.51 m/sec. The wind speed

is 3 m/sec oriented at 19.7' with respect to the current. The chemical has'

a standard density of 800 kg/m 3 , a vapor pressure of 13.92 millibars, and a

spreading coefficient of 3.42 x l0-3 Newton/meter. The standard volume of

chemical spilled is 60 m3 .

Figure 111.6 shows the variation with time of the area and the thick-

ness of the slick as a function of the spilled volume. In all cases, the

area increases rapidly at first when the spill is relatively thick, followed

by a longer period when the spreading rate is much slower. (The gravity-

inertial phase lasts about two minutes, at which time the standard area is

about 1 x 1O4 j,12. Most of the spreading therefore occurs in the gravity-

viscous phase, in accordance with the assumptions used in developing the

models.) The rate of spreading throu( hout clearly depends on the spilled

vol mIme. In the absence of evaporation, the areas at any thie should be in
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the ratio of the spill volumes to the two-thirds power, as shown by Equation

(III.10). In fact, the curves show that this ratio holds approximately

during the time when the spill area increases even when evaporati6n occurs.

The slick areas eventually decrease as a result of evaporation; more will be

said about this effect below. The slick thicknesses decrease uniformly,

although even after two hours the thicknesses are still well above the cut-

off value of I x 10-4 meter.

Figure 111.7 shows the effects of varying the chemical density when

the spilled volume and the other parameters are held constant. Again, the

variation is roughly in agreement with Equation (III.10) during the time

when the areas are increasing. But, as shown by the curves for po = 800

kg/n 3 and po = 900 kg/r 3 , and even more significantly for the unrealistic

case of p0 = 100 kg/ri 3 , Equation (III.10) is not capable of predicting

the correct trend when evaporation becomes dominant. The less-dense chem-

icals spread more rapidly initially and thus experience a higher rate of

evaporation; thus, the higher evaporative losses for them cause the rate

of spreading to slow earlier.

The effects of wind speed are shown in Figure 111.8. Since higher

wind speeds increase the rate of evaporation, the trend of these curves is

similar to that shown in Figure 111.7 for density variations. The curves

for the extreme wind speed of 30 m/sec show the trend most clearly. (The
range of wind speeds for which the models are expected to be applicable will

be discussed later.)

The effects of varying the current over a factor of one-hundred (i.e.,

from 0.051 m/sec to 5.1 m/sec) give a trend similar to the wind speed varia-

tion, but the magnitudes of the area and thickness changes are much less and

therefore are not shown here. It is concluded that the current has only an

indirect effect on evaporation. Of course, the movement of the slick is

directly related to the current.

Figures 111.6, 111.7, and 111.8 all showed that the rate cf spread-

ing eventually hecaive neqlative as a result of evaporative losses. Such be-

havior is probably physically incorrect, because as lonq as the slick is

thicker than the cutoff v, lue (I x lO-4 meters), it should continue to spread

in the ,qravity-vis;cous phae illlhonjilh it a rate slnwed by evaporation. This
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lack of physical reality in the late-time predictions is c used by the uZe of

a "lumped" mass model rather than a differential model. For example, the

dA/dt expression given in Table 111.3 is based upon a constant thickness h

for the entire slick. In reality, h is greater near the center and approaches

the minimum value (1 x 10-4 meters) near the edges. Incorporating the varia-

tion of h in the model would tend to increase the positive terms in the

expression for dA/dt and decrease the negative effect of the loss term

2 ýloss/3 poh. More importantly, the loss term itself was derived from the

assumption that evaporation and dissolution effectively ac as a lumped
"sink" just as the spilled mass acts as a lumped "source" at the center of

the spill. In reality, the losses are distributed over the entire surface

of the slick, i.e., as a distributed sink. Although the dilfference in the

models is negligible as long as dA/dt > 0, the distribute model would

never predict that dA/dt < 0. Instead, the rate of decrease of h would

be accelerated late in the spreading. A differential, or distributed model

would be, of course, much more complicated mathematically. iSince the lumped

model gives realistic results over most of the spill duration (except for

extreme cases such as P. = 100 kg/M 3 ), the effort involved in developing

Ia differential model is not believed to be warranted.

111.6.3 Continuous Spills

The standard continuous spill has a discharge rate of 0.0333 m3 /sec

over a total duration of thirty minutes. The total volume Qf the spill is

thus 60 m3 , the same as for the standard instantaneous spill. The other

parameters of the spill are the same as those of the instantaneous spills.

Figure Ill. 9 shows the effects of changing the discharge rate.

(The three rates give total spill volumes equal to 100, 60, 'and 10 m3
, the

same as for the instantaneous spills.) The quantities displayed in the

plots are the downstream width of the triangularly-shaped slick and the

slick thickness. (The spill area can be computed by multiplyinq ha.f the

width by the spill length, which is equal to the product of the net trans-

port velocity U)T and the elapsed time; as discussed in Tection I11.1,

UT is [(tJ(; + 0.03'1 Vw co,; 0')" + (0.031, Vw ".in, ½ f t .O I .
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thirty minutes, the areas of the coiitinuous spills are about twice those

of the corresponding instantaneous spills, and the thicknesses about one-

half. The variation with respect to discharge rate from curve-to-curve

is roughly in agreement with Equation (111.16).

The variation of the spill width and thickness with chemical density

is shown in Figure 111.10. Two values of density around 800 kg/rm are shown,

as well as the extreme case of po = 100 kg/m 3 . It can be seen that for

Po = 100 kg/m 3  the width and area increase so rapidly initially.ýhat evapo-

rative losses cause the width to decrease (but not the total area) after

about ten minutes. The negative rate of change of the width is physically

unrealistic, for the same reasons as discussed previously in Section 111.6.2.

Figure 111.11 shows the effects of current. Since the length of the

slick increases When the current increases, the current has a significant

effect on the width and the area of the slick formed by a continuous spill,

in contrast to its negligible effect on an instantaneous spill. The de-

crease in the width is considerably less, however, than the increase in the

length, so the net effect is that the slick area is increased when the

current is increased.

Figure 111.12 displays the effects of wind speed on the spill width

and thickness. Most of the changes in the width and thickness are due to

the changes in the evaporative losses, although there is also an effect of

the wind speed on UT and thus an indirect effect similar to ti,dt shown

previously for a variation in current.

111.7 Wind and Current Limitations on Models

According to Wu [25], a water surface will form breaking waves and

spray for wind speeds above about 15 m/sec. Since the slick will also begin

to disintegrate, this value represents the limit on wind speeds for which the

models arte expec ted to (jive r'eliable predictions.

The models should be appl ic•ible for a11 norrill v,,liJs off (.ijrrfrnt ex-

perienced in prd(tJi((!.
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IV. EXPERIMENTAL DESIGN AND DATA COLLECTION

IV.] Exper imen t a l_ De~s i gn

The purpose of the experimental design was to develop a test plan

for experiments that would provide validation data for the revised models,

of both instantaneous and continuous spills. The process involved several

elements:

o test program objectives

o model sensitivity analysis, and

o test plan.

The work carried out in each of these elements is described in the following

sections.

IV.l.l Test Proqram Objectives

Objectives for the test program were formulated in two main cate-

gories:

o spreading, and

o evaporation and dissolution.

This breakdown of the test program was the result of the perceived impracti0-

cality of simultaneously obtaining spreading rate data and detailed mass-

transfer data from large-scale spill tests. Consequently, spill tests were

designed to obtain data for validating the spreading models, and separate

non-spreading tests were designed to obtain data for validating the evapora-

tion and dissolution models. A small number of spill tests were also de-

signed to determine any effects of evaporation on spreading. .io tests were

conducted specifically to validate the slick motion model; that model, i.e.,

Equatioti (111.38), has been idequately verified by other tests in the past

7, 8 9].

Spreading Tests. Th, roihjrU tiwv, of th". r, twrJo', w,'. tý (,fonlif'r. t q , "( '•..

of spills, on as ljrrje P ' ii., I , a'. w '. Iorr Iai(. il, frrsi vihi'h ,.prvaddi rif rl.w.

S. . . ' - .. ••e , • . . .



and slick sizes could be determined. The tests were designed to systemat-

ically vary the influence of:

o quantity spilled (instantaneous spills)

o discharge rate (continuous spills)

o chemical specific gravity

o chemical spreading coefficient

o magnitude of current (continuous spills).

The size and shape of the slick were to be determined as functions of time
primarily by the use of flow visualization. To achieve these objectives,

a large outdoor basin was constructed to study instantaneous and.continuous

spills in water without a current, and a large flow channel was modified to

study continuous spills in a current. Some tests using the outdoor basin

were designed to study combined evaporation and spreading. For these tests,

chemicals having a range of vapor pressures were tested.

Evaporation and Dissolution Tests. The evaporation and dissolution
tests were designed to vary, in a controlled environment, the influences

of:

o chemical thermophysical properties,

o wind speed, and

o wave height.

In order to make the detailed measurements needed to validate the mass-

transfer models, it was necessary to insure that the floating chemical slick

remained stationary.

Thus, to achieve the test objectives, an environmental wind tunnel

was constructed in which an open pan of chem4"al coilld be exposed to various

wind speeds. Tests in which the chemical could be subjected to both wind

and waves were desiqned for a large wind-wave tunnel at Flow Re-earch, Inc.,

in Kent, Washinqton. Mass-transfer rates were to be determined primrrily

throuqh concoentration samplinqn of the air and the water.
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IV.1.2 Sensitivity Analysis

An analysis was performed on the revised spreading, evaporation, and

dissolution models in order to determine the sensitivity of the predicted

spreading rates and mass losses to changes in the values of the model param-

eters. Such an analysis is useful in determining which parameters have the

greatest influence on the predicted results and therefore need to be con-

trolled and measured during experiments. It also reveals the parameters

that have little influence on the predictions and can therefore be omitted

from the test specifications.

For each spreading model, the change in the slick diameter at a spe-

cified time after the spill had occurred (generally, fifteen minutes), and

the time required to evaporate the entire slick, was computed for a +10%

change in the value of each parameter about a selected baseline condition.

The sensitivity coefficient for each parameter was then computed, using the

slick area as an example, by the equation:

SCx = (AAIAo)I(/AX/Xo)

Here MA is the computed change in area from A. for a AX change in the

parameter Xo. When SCx is positive, A increases as X increases; the

opposite holds when SCx is negative. The magnitude of SCx iidicates the

sensitivity of A to X; if JSCxf = 1.0, the percentage change in A is

the same as the percentage change in X; values of ISCxj greater or less

than one indicate a greater or lesser sensitivity to a change in X.

Table IV.1 gives the results for an instantaneous spill of go m3 of

benzene on an unbounded lake. (This sensitivity analysis had to be conducted

before data from the tests were available to establish the empirical constants.

Therefore, the absolute maqnitudes of slick radius and evaporation time pre-

sented in theu table II.iy be in error in places, but the trends of the sensi-

tivity cootficiients, since they are computed as ratios, are generally correct.)

[I-0(1 th' tfihle thr reldtive importance of the independent parameters is evi-

dent. For the slick size, for example, the chemical density and the spill

volume are the dominant parameters. For evdfporation, the order of relative
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importance of parameters is density, vapor pressure, wind speed, diffusivity
in air, wave height, spill volume, and current. Similar results were obtain-
ed for continuous spills. The effects previously shown in Figures 111.6 to
111.12 display the same trends graphically. The sensitivity analysis. results
were used in formulating the test plans.

IV.l.3 Test Plan

Spill Tests - As mentioned earlier; instantaneous and continuous
spill tests were planned for a large outdoor basin, and continuous spill
tests in a current were planned for a large channel. The final test plan

is shown in Tables IV.2 through IV.6. Altogether, 102 spreading tests
were planned and conducted. (Some preliminary tests that were conducted.
to help establish feasible limits on spill sizes, discharge rates, and!

chemical properties are not included in the plan.)

No tests were conducted using vo'latile chemicals in a current be-
cause of the hazardous vapors that would have been liberated indoors.

Evaporation and Dissolution Tests - Two series of tests for evapora-
tion and dissolution were planned for the experimental program. The first
Qroup of tests was to be conducted in a wind tunnel at SwRI with a test
section designed for these experiments.. The primary objecLive Wds Lu
measure transfer rates on a variety of chemicals over a range of wind

velocities. The chemicals were selected to cover a range of physical pro-
perties important to evaporation and dissolution: Schmidt number, vapor
pressure, and solubility. In addition, a range of interfacial tensions
was also included since this property is likely to be important in con-
trolling droplet dispersion in water. The chemicals were also selected
to minimize health and safety hazards. A secondary objective for these
experiments was to perfect experimental techniques for the second group

of tests.

A '•,e(oid ,iroiHp o f It-S wols planned for a wind-wave channel at
Illow l';toiruh, bit. , -it Kont., Wihinijtort. rho, pturrpo )e these tests wds
t(o e'ai,,rl,' ; traii'.lIr r1.1 Y r., for two cn:h(,,cils expbos(.( Lto controlled
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TABLE IV.2 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES I

NON-VOLAT-iLE INSTANTANEOUS SPILLS IN BASIN

Run Specific Spreading Spill
Nu rChemical Scifc Coefficient Volume

Number Gravity (dyne/cm) (liters)

I.1-.] Octane 0.703 0.3 5

1.1-2 10

1.1-3 20

1.1-4 40

1.2-1 Kerosene C.795 -2.7 5

1.2-2 10

1.2-3 20

1.2-4 40

1.3-1 n-Hexanol 0.819 39.75 5

1.3-2 10

1.3-3 20

1.3-4 40

1.4-1 Naphtha 0.785 7.8 5

1.4-2 10

1.4-3 20

1.4-4 40

1.5-1 m-Xylene 0.864 7.0 5

1.5-2 10

1.5-3 20

1.5-4 40

----------------- -------------------- - --

6;0



TABLE IV.3 -SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES II

NON-VOLATILE CONTINUOUS SPILLS IN BASIN

Run Specific Spreading Discharge
Runbr Chemical Scifc Coefficient Rate

Number Grav i ty _de/cm) (liters/sec)

11.1-1 Octane 0.703 0.3 0.50

11.1-2 0.82

11.1-3 1.01

11.1-3 1.26

11.2-1 Kerosene 0.795 -2.7 0.50

11.2-2 0.82

11.2-3 1.01

11.2-4 1.26

11.3-1 n-Hexanol 0.819 39.75 0.50

11.3-2 0.82

11.3-3 1.01

11.3-4 1.26

11.4-1 Naphtha 0.785 7.8 0.50

11.4-2. 0.63

11.4-3 0.95

11.4-4 1.10

11.5-1 m-Xylene 0.864 7.0 0.50

11.5-2 0.82

11.5-3 1.01

11.5-4 1.26
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TABLE IV.4 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES Ill

VOLATILE INSTANTANEOUS SPILLS IN BASIN

Run Specific Spreading Vapor SpIllT
Number Chemical Specifc Coefficient Pressure Volume

rGravity (dyne/cm) (millibars) (liters)

III.1-1 n-Pentane 0.626 6.5 587.7 5

111.1-2 10

111.1-3 20

111.1-4 40

111.2-1 Heptane 0.684 1.6 47.7 4

111.2-2 10

111.2-3 20

111.2-4 40

111.3-1 Octane 0.703 0.3 13.9 5.

111.3-2 10

111.3-3 20

111.3-4 40

111.4-1 m-Xylene 0.864 7.0 8.2 5

111.4-2 10

111.4-3 20

111.4-4 40

111.5-1 Ethyl 0.901 45.89 98.4 5

Acetate

111.5-2 10

111.5-3 20

111.5-4 40
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TABLE IV.5 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES IV

VOLATILE CONTINUOUS SPILLS IN BASIN

Run-S-e ding Discharge
Rub Chemical Specific Coefficient Rate

Number Gravity (dyne/cm) (liters/sec)

IV.1-1 n-Pentane 0.626 6.5 0.50

IV.1-2 0.82

IV.1-3 1.01

IV.1-4 1.26

IV.2-1 Heptane 0.684 1.6 0.50

IV.2-2 0.82

IV.2-3 1.01

IV.2-4 1.26

IV.3-1 Octane 0.703 0.3 0.50

IV.3-2 0.82

IV.3-3 1.01

IV.3-4 1.26

IV.4-1 m-Xylene 0.864 7.0 0.50

IV.4-2 0.82

IV.4-3 1.01

IV.4-4 1.26

IV.5-1 Ethy1 0.901 45.89 0.50

Acetate

IV.5-2 0.82

IV.5-3 1.01

IV.5-4 1.26
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TABLE IV.6 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES V

FLOW CHANNEL TESTS

Run -Cheical Spreading Discharge Current
Number Coefficient Rate
Number_ - _•Sp_.Grav~yjt) __yne/cm) (liters/sec) m/sec

V.1-I Octane 0.3 0.038 0.134

V.1-2 (0.703) 0.050 0.189

V.1-3 0.100 0.241

V.1-4 0.149 0.290

V.2-1 Kerosene -2.7 0.038 0.134

V.2-2 (0. 795) 0.050 0.189

V.2-3 0.100 0.241

V.2-4 0.149 0.290

V.3-1 n-Hexanol 39.75 0.038 0.134

V.3-2 (0.819) 0.050 0.189

V.3-3 0.100 0.241

V.3-4 0.149 0.290

V.4-1 Naphtha 7.8 0.025 0.119

V.4-2 (0.785) 0.050 0.189

V.4-3 0.100 0.241

V.4-4 0.100 0.290

V.5-1 m-Xylene 7.0 0.038 0.134

V.5-2 (0.864) 0.050 0.189

V.5-3 0.100 0.241

V 5-4 0.149 0.290
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wind and wave conditions thdt simulate the spill environment. The primary

vdriables for these experiments were Reynolds number and wave roughness.

The test plan is summarized in Tables IV.7 through IV.1O. Some minor

alterations occurred in the test plan during the course of the experiments.

The test chemicals for the wind-wave experiments were selected on the basis

of test experience gained at SwRI during the first group of tests. In

addition, some wave measurements for water only were taken for comparison

to waves with a chemical slick.

IV.2 Test Facilities, Procedures, and Instrumentation

iV.2.1 Basin Tests: Spreading and Zvaporation

Environmental Spill Facility. The concrete basin pictured in Fisure

IV.l, used for conducting the continuous and "instantaneous" spreading ex-

periments was a 18.3m (60 ft) x 18.3m (60 ft) x 0.3m (1 ft) deep square pool

located at SwRT. The basin was filled with fresh water through a 17.8 cm

(7 inch) diameter water inlet in the middle of the basin. The basin was

filled to a depth of 0.3m (I ft) for each test. The basin could' be emptied

through a 15.2 cn (6 inch) diameter drain that was located at its center.

For the purpose of data collection, a rake assembly to measure spill

diameters was constructed in the spill facility as shown in Figure IV.l.

There were four rakes that spanned the basin along its diagonals. The rakes

were numbered 1, 2, 3, and 4. Rake I is located in the upper lefthand

corner of Figure IV.M. The remaining rakes were sequentially numbered in

a clockwise direction. Each rake consisted of a 3.8 cm (1.5 inch) by

7.6 cm (3.0 inch) piece of wooq that was secured to the bottom of the basin

on which wooden pegs were mounted that extended through the water surface.

The diameter of each peg was 0.64 cm (0.25 in). The center-most peg on

each. rake was located 0.6m (2 ft) from the center of the basin. The next

ten pegs were at O.3m (I ft) intervals and the next 5 were at 0.61 (2 ft)

intervals.
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TABLE IV.7 SUMMARY OF TEST CONDITIONS FOR
EVAPORATION TEST SERIES VI,

WIND TUNNEL TESTS

Vapor Wind
Run Chemical Scmidt Pressure Speed

Number Number (mb) (12/sJ ....

VI.1.2 Ethyl Acetate 1.81 98.4 2

VI.l.3 3

VI.l.4 4

VI.l.5 5

VI.2.2 Hexane(n) 2.15 161.8 2

VI.2.3 3

VI.2.4 4

VI.2.5 5

VI.3.2 Hexanol(n) 2.18 0.72 2

VI.3.3 3

VI.3.4 4

VI.3.5 5

VI.4.2' Octane(n) 2.60 13.9 2

VI.4.3 3

VI .4.4 4

VI.4.5 5

VI.5.2 Octanol(n) 2.51 0.086 2

VI.5.3 3

VI.5.4 4

VI.5.5 5
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TABLE IV.8 SUMMARY OF TEST CONlDITIONS FOR
EVAPORATION TEST SERIES VII

WIND-WAVE CHANNEL TESTS

Run Schmidt Vapor Wind Mechanical
Number Chemical Pressure Speed Wec

cNumber (mb) (m/s)

VII.1.1 Octane(n) 2.60 13.9 2 No

VII.1.2 " 3.5 No /

VII.1.3 5 No

VII.l.4 7.5 No

VII.l.5 Hexanol(n) 2.18 0.72 7.5 No

VII.2.1 Octane(n) 2.60 13.9 3.5 Yes

VII.2.2 5 Yes

VII.2.3 .. 7.5 Yes
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TABLE IV.9 SUWMARY OF TEST CONDITIONS FOR
DISSOLUTION TEST SERIES VIII

WIND TUNNEL TESTS

Wind
Run Chemical 3chmidt Solubility SpeeWd

Number ___- Number See

VIII.l.l Ethyl Acetate 1120 87,000 2

VIII.2.l llexane(n) 13'0 12.5 2

VIII.3.1 Octane(n) 1570 0.66 2

VIII.4.1 Hexanol(n) 1340 6,000 2

VIII.l.2 Ethyl Acetate 1120 87,000 5

VIII.2.2 Hexane(n) 1310 12.5 5

VIII.3.3 Octane(n) 1570 0.66 5

VIII.4.2 Hexanol(n) 1340 6,000 5

TABLE IV.10 SUMMARY OF TEST CONDITIONS FOR
DISSOLUTION TEST SERIES IX

WIND-WAVE CHANNtL TESTS

r" ~ Wind
Run Chemical Schmidt Solubility Speed Mechanical

Number Number .... Waves

IX.1.1 Octane(n) 1570 0.66 2 No

IX.1.2 5 Yes

IX.1.3 7.5 Yes

IX.2.3 Hexanol(n) 1340 6,000 7.5 Yes

. . . ..



FIGURE IV.1 RAKE ASSEMBLY IN OUTDOOR TEST BASIN
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Tes5t AP•patus, Procedures and Instr entation _- Continuous Spi ll

Experiments. For the continuous spill experiments a platform was

built and placed in the center of the basin. Each platform leg was placed

so that it bisected the angle formed by the rakes to minimize any distur-

bance in the area along the rakes.

The platform supported a holding tank, pump, a _.roboscope, and the

discharge tube. Each tested chemical was mixed with Red B. Autonate* Liquid

Dye in the holding tank and held until the test began. To conduct a test,

the pump was set at the speed pre-selected from the pump calibration curve

to give the desired discharge rate. The valve to the hol-ing tank was then

opened. The rotational rate of the r',mp was determined by a stroboscope.

The discharge rates were 0.5 ./s (8 gpm), 0.82 2/s (13 gpm), 1.01 k/s

(16 gpm), and 1.26 Z/s (20 gpm). The chemical was discharged through

7.62 cm (3 inch) diameter PVC pipe that ran along the platform, down a

leg, along the basin bottom, then straight up at the center of the basin.

The pipe extended out of the water 6.4 mm (0.25 inch). The chemical was

discharged vertically with negligible vertical momentum.

During discharge of the chemical and dye mixture, the test data were

recorded on a strip chart using a Honeywell Visicorder. A common voltage

supply was utilized with four triggers that fed into four separate' channels

on the Visicorder. When the edge of the spill arrived at each peg on one

of the rakes, the trigger for that rake was pushed. The events for each

rake were marked on the strip chart recorder's light sensitive paper.

The event times for each rake were tabulated and used as input to

obtain curves of slick radius vs. time. Then, the radius values of oppo-

site rakes (I and 3, 2 and 4) were added to obtain two graphs of diameter

vs. time. The grar)h of the diameter least affected by any wind was used

for comparison with the o•-mpuJter model prodi.ttions.

Red B. Automate Liquid Dye, Morton Chemical Co.
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Test Apparatus, Procedures, and Instrumentation - Instantaneous

SLpli Experinments. The same four-legged platform used for the con-

tinuous spill experiments was also used for these instantaneous spill ex-

periments with some minor modifications. Replacing the holding tank, pump,

stroboscope, and discharge tube was a system to approximate an "instan-

taneous" spill. This instantaneous spill apparatus consisted of an open

tank without a bottom that was attached to the rod of a pneumatic cylinder

as shown in Figure IV.2. The pneumatic cylinder was set so that in its

fully extended position the spill tank was just off the basin bottom.

While the cylinder was in its lowest position, the chemical/dye mixture was

metered into the spill tank from the open top. Care was taken not to allow

any chemical to be discharged at the bottom of the open spill tank. This

procedure was possible because a.ll of the chemicals studied were lighter

than water and relatively immiscible and insoluble. To spill the chemical,

a remote valve was used to activate the pneumatic cylinder and raise the

spill tank in less than one second; as the tank was rai'sed, the chemical

was automatically released into the water without any significant momentum.

The procedures for data collection and reduction were the same as

described above for the continuous spill experiments.

IV.2.2 C hannel. Spreadin9q Tests

Flow Channel Facility. The flow channel used for the experiments

of a continuous spill in a current is a 13.7m (45 ft) long, 2.4m (8 ft

wide), and 1.5m (5 ft) deep channel with a 1.5m (5 ft) long, 3m (10 ft)

deep sump at one end, located at SwRI. Water flow was achieved by pump-

ing water from the sump area through a ?0 ci, (8 inch) diameter PVC pipe

to the head of the channel. The water channel inlet area was constructed

using a combination of a diffuser, weirs, fire bricks, screens, and rubber-

ized hogs hair (shown in Figure IV.3) to yield a uniform flow field across

the width of the channel. A weir was constructed at the upstream edge of

the sump to limit the water depth and also isolate the sump from the rest

of the flow channel. After allowinq fnr the area n',.e~r7 fo'r flow

straightening and sump isolation, the test. section di(en-nion wlere F 7(r]

(22 ft) long by 2.4m (8 I't.) wide. lo jid in Lhe flow .li,% alization arid
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FIGURE IV.2 INSTANJTANEOUS SPILL APPARATUS

FIGURE IV.3 CHANNEL INLET AREA OF INDOOR CHANNEL
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data collection, the channel floor was striped as shown in Figure IV.4

using graphic slit tape. For the first 3.05m (10 ft) of the test section,

the stripes were spaced every 30.5 cm (1 ft) downstream and 15.2 cm (0.5 ft)

cross-stream. For the last 3.65m (12 ft) of the test section, the stripes

were spaced every 61 cm (2 ft) downstream and 30.5 cm (1 ft) cross-stream.

Water velocities in the channel from 12.0 cm/sec (0.39 ft/sec) to

29.0 cm/sec (0.95 ft/sec) were obtained by the use of an Aurora centrifugal

pump driven by a hydraulic motor. Since the weir at the upstream edge of

the sump was permanently installed, the water depth varied from about

15 cm (6 inches) to 23 cm (9 inches) over the range of flowrates necessary

to achieve the water velocities mentioned above. It was determined that

this change in depth had no significant impact on the experiments because

only surface phenomena were of concern.

Test Apparatus, Procedures and Instrumentation. For the continuous

spill experiments in the flow channel, various chemicals were mixed with

"Red B. Automate Liquid Dye" and discharged from a discharge port located at

the water surface in the upstream center of the channel width. The port

was formed from either 2 cm or 5.5 cm diameter pipe configured to give a

discharge aligned with the flow direction. The spill setup for these spills

is shown in Figure IV.5. The chemical and dye were premixed in the pictured

container and then pumped to the port at the discharge rates specified in

the test plan using a variable speed motor and a 1/4" rotary gear pump.

During discharge of the chemical and dye mixture, the tests were

filmed on video-tape. The films were then analyzed to determine the "thick

slick" plume width as a function of distance from the discharge port. This

information was graphed to yield a reproduction of the spreading of the

chemical on the water surface, and thus to serve as a basis for comparison

to the computer model predictions. Only data for that part of the spread-

ing where the channel walls did not affect the results were analyzed. Thus,

these tests simulate the spreading of a continuous spill in "open water"

with a current.
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FIGURE IVA4 WATER CHANNEL WITH STRIPES FOR FLOW VISUALIZATION

momr
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FIGURE IV.5 CONTINUOUS SPILL SETUP FOR CHANNEL EXPERIMENTS
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IV.2.3 Wind Tunnel Tests: Evaporation

Theoryj. In the past, mass transfer by evaporation has been measured

as the weight loss of chemical from a pan in a wind tunnel. The work of
Pasquill [43] is a frequently referenced example o¶ such experiments, and
more recently pan evaporation experiments have beeý reported by Reijnhart
and Rose [44] for pentane and toluene. In the present research, evaporation
and wind shear stress were determined by measuremenIt of the logarithmic

profiles.

Experimentally, velocity and vapor concentraltion were measured as aI

function of height above the liquid surface. The relevant mass transfer

constants were determined by a linear regression of the profile data in the

following form:

U = a in z + b (IV.l)

C = ac in z = bc (IV.2)

where U, C, and z are measured quantities and the a's and b's are

the slopes and intercepts from linear regression analysis. In non-dimen-

sional form these equations are:

u+ = U/u, = A nz+B (IV.3)

C+ = C/C, = A Sct in z+ + Bc (IV.4)

where the intercepts are related to the roughness parameters of Equations

(111.25) and (111.26) by

Zo+= exp (-KB) (IV.5)

and

ZOC+ exp(
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The constants from boundary layer theory and the linear regression anlaysis

are related as follows:

for velocity: u. a < (IV.7a)

B [b-Us-a kn (u./v)]/u. (IV.7b)

for concentration:' c. ac K/Sct (IV.8a)

Bc, (b - Cs)/c. -A Sct [Zn (u,/v)] (IV.8b)

By definition the friction velocity and concentration are:

u. /10lP* (IV.9)

c, Jo/pu* (IV.IO)

These quantities are related to wind stress coefficient and Dalton number

by

Cf/2 (u/Vw) 2  (IV.11)

and

Da* = c,/(C ý-Cs) (TV.12)

where the saturation concentration, C., is a physical property calculated

from the barometric pressure and liquid surface temperature.

Wind Tunnel. The wind tunnel for the pan evaporation experiments

consisted of the followinq components:

a . bell mouth entrance,

b. rectangular test section with dimensions of 30.5 cm height,

51.0 cm width, and 484 cm length (12 x 24 x 190.5 inches);

c. contraction section;
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d. Buffalo centrifugal blower which is rated at 4.7 m3 /s (10,000

cfm) and is driven by a Dennison hydraulic motor;

e. 20.3 cm (8 inch) diameter PVC plastic pipe; and

f. evaporation pan with dimensions of 3.8 cm depth, 40.6 cm width,

and 121.9 cm length (1.5 x 16 x 48 inches) and with a volume

of 18.9 liters (5 gals).

Air for the wind tunnel was ingested at the bellmouth in the laboratory and

exhausted by the blower to the outside air. The inlet to the blower was

connected to the wind tunnel via the plastic pipe, and the air was trans-

ported from the blower outlet to the exterior of the laboratory by plastic

pipe. Figure IV.6 shows the tunnel and instrumentation for the pan evapora-

tion experiments.

This arrangement of the tunnel had three primary advantages. First,

laboratory personnel were not exposed to the chemical vapors, and thus, the

health hazard was reduced. Second, the concentration measurements were

not contaminated from chemical vapors which would accumulate in the labo-

ratory otherwise. The tunnel was sealed to minimize any leakage. Third,

this design provided an additional method for the measurement of evaporation.

Mass transfer from evaporation was measured from an air sample taken

from the plastic pipe downstream from the blower outlet. From the defini-

tion of Dalton number and conservation of mass, the Dalton number measured

at the blower outlet is:

)ao = (At/Ap) (Co/Cs) (IV.13)

where At is the cross-sectional area of the test sec-;ion, Ap is the

surface area of the liquid in the evaporation pan, and CO is the concen-

tration measured at the blower outlet. The following assumptions are in-

herent in Equation (IV.13):

a. The flow was well mixed at the sampling station.

b. Any air leakage in the wind tunnel between the sampling

station and pan was small.
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c. Boundary layer displacement effect on the tunnel cross-

sectional area was small; however, an effective area could

have been applied.

The tunnel was constructed primarily of wood; however, the two sides

of the test section at the pan location were Plexiglas. The pan was con-

structed of stainless steel sheet metal. A manual gravity feed and drain

system was connected to the pan which included 6.4 mm (0.25 inch) diameter

stainless steel tubing, fittings, ball valves, 19 liter (5 gal) reservoir,

and sight gage. During an experiment the liquid level in the pan was main-

tained manually to within +0.5 mm. The liquid surface was typically

5 mm below the tunnel floor.

A set of eight baffles was installed in the pan below the liquid sur-

fece for the prevention of surface waves on the chemicals. The baffles were

not necessary for water whose surface tension is more than twice that of the

chemicals tested. A 35 mm square horse-hair filter was also installed across

the width of the pan at its downstream edge for damping surface waves. Figure

IV.7 shows close-up views of the pan and test section area during a typical

experiment.

Instrunentation. The following is a list of the coirinercial equip-

ment for the evaporation experiments.

a. TSI 1050 constant temperature anemometer.

b. DISA traversing me.hanism including a DISA 52801 sweep drive

unit, DISA 55E40 tidversing unit, and stepper motor.

C. TSI 1076 rms voltmeter.

d. MKS Baratron model 170 with a 1 Torr pressure transducer.

e. TSI 1125 calibrator.

f. DISA 55P05 boundary layer probe.

g. Century OVA-128 organic vapor analyzer.

The first six items were primarily for the measurement and calibration of

velocity. The ortganic vapor analyzer (OVA) and the DISA traversing system

were used in the mewsjrr•mvent of concentratiorn profiles.
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The wind tunnel speed was set by dynamic pressure measurements with

the MKS Baratron. The velocity was calculated from Bernoulli's equation

V, =[2 (Pa -Pi)/PaJ½ (IV.14)

where Pa is the barometric pressure which in the present case is the same

as the total pressure, and Pi is the tunnel wall static pressure at

station i. Since the MKS has a differential pressure transducer, (Pa - Pi)

was measured directly. Experimentation indicated that velocities from this

method at station 3 were closer to the hot-wire measurements than those

from a Pitot-static probe. Table IV.ll is a list of transducer locations

and the pan location relative to the test section entrance. A scale drawing

of the test section with static pressure hole and hot-wire locations is

shown in Figure IV.8. Also, the nondimensional pressure gradient for vlow

over octane is presented in this figure for the test section.

The pressure gradient is defined as:

(1/q) (dp/dx) = -Cp/Ax (IV.15)

where the pressure coefficient, Cp is

C = (Pi+l - pi)/q (IV.16)

Pi is the pressure at station i, q is the dynamic pressure, ra Vw'/2,

and Ax = xi+1 - xi. The physical properties which were not measured

directly such as density and viscosity were computed by the methods in

Appendix A from the measured temperatures and barometric pressure. Room

air temperature and liquid suirface temperature were measured with Type T

thermocouples while barometric pressure was m)nitored with an aneroid

barometer from Weathermeasure Corporation. The error in velocity from

errors in temperature and barometric pressure was less than 0.5%.

The velocity profiles were measured with a TSI 1050 constant temper-

ature anemometer and DISA 55P05 hot-wire probe. The hot-wire dnemometer

was calibrated with a TSI 1125 calibration jet. Voltages from the
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TABLE IV.l1 TRANSDUCER LOCATIONS

Station x I t14

274.3 108 No. 1 static pressure hole

302.3 119 Inside'leadintj edge of pan

335.3 132 No. 2 static pressure hole

396.? 156 No. 3 static pressuro hole

408.9 161 Hot-wire sensor

40.9161 Pitot-static probe tip

408.9 161 Pan thermocouple,

411.8 162.1 Liquid sampling probe tip

413.4 . 1G2.9 Gas sampling probe tip

415.3 16ý.15 DISA traversing mechanism gjuide tube

424.2 1 167 Inside trailin(ý edge of pan

457.2 180 No. 4 static pressure hole
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anemometer were measured with a TSI 1076 voltmeter. King's law in the

following form was applied to the calibration data:

Eb2 = A + B Vwn (IV.17)

where A, B, and n are constants determined by linear regression analysis

and Eb is the bridge voltage. Usually the exponent n has a value of

0.45 < n < 0.5. The exponent n was selected so that the correlation

coefficient returned in the linear regression analysis was a maximum. A

typical calibration curve is shown in Figure IV.9. The hot-wire was oper-

ated at 200%C which was below the ignition temperature of the chemicals

being tested. The relative turbulence intensity was computed from a linear

perturbation of Equation (IV.17)

Ou/Vw =2 oe Eb/[n(Eb 2 -A)], (IV.18)

where ou is the rms or standard deviation of the velocity u, and oe

is the measured rms voltage.

Concentration measurements were taken with a Century OVA-128 total

hydrocarbon analyzer which has a hydrogen flame ionization detector. The

OVA was calibrated for each chemical used. The calibration was of the form

X = A X (IV.)

where X is the volume fraction in ppm (parts per million), Xo is the

OVA measurement, and A and n are constants determined by linear re-

gression analysis. Table IV.12 is a table of calibration constants, and

Figure IV.lO is a typical calibration curve. The meter for the OVA was

analog with a linear range of 0 to 10 and a resolution of 0.1. The in-

strument included a scale factor of 1, 10, and 100 ppm, or it had a maxi-

mum range of 1000 ppini. For those measurements outside the range of the

OVA, a di lIuter wts used which was also ce:l itrated. The vwlue fraction,

X. in Equation (IV. 19) i,; rlated t.o the imia,;s fraction, C, in Equa-

tiogis (111.19) ,in (III.N0) by
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TABLF IV.12 CALIBRATION CONSTANTS FOR CENTURY
OVA-123 ORGANIC VAPOR ANALYZER

Chemca Date ACoefficient Exponent Correlation Dilution
A --- n Coefficient Ratio

Etbyl Acetate 07-16-82 1.276 0.9468 0.9992 11.5

09-07-82 1.082 1.004 0.9995 12.1

09-08-82 0.018 1.018 0.9996 11.9

09-08-82 1.302 0.9523 0.9987 11.5

Hexane 11-30-82 1.272 0.9366 0.9992 12.54

Hexanol 09-21-82 1.120 1.100 0.9974

02-24-83 1.037 1.078 0.9995

All 1.144 1.078 0.9967

Octane 07-08-82 0.684 0.9700 0.9946 18.1

10-05-82 1.097 0.9416 0.9978 11,43

02-24-83 0.8438 0.9946 0.9971

10-05-82 &
02-24-83 1.015 0.9574 0.9971 11.43

Octanol 10-26-82 &
12-:03-82 1.593 0.8909 0.9793
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X = C Ma/M (IV.20)

where Ma is the molecular weight of air, and M the molecular weight of

the chemical.

A schematic of the gas sampling system for the concentration pro-

file measurements is shown in Figure IV.ll. A gas sample was withdrawn

from the wind tunnel through the sampling probe by a Metal Bellows Corp.

pump. The flowrate was adjusted by a needle valve and measured by a cali-

brated Matheson rotameter. The sample gas was collected in two-liter

plastic bags and analyzed with the OVA. The flowrate of the sampling sys-

tem was adjusted to the local mean velocity on the basis of velocity pro-

file measurements with the hot-wire anemometer. The vertical position for

the concentration and velocity profile measurements was set by the DISA

traversing system which has a resolution of 0.02 mm.

The gas sampling probe was designed and built specifically for this

project. The probe consisted of three stainless-steel tubes with an out-

side diameter of 1.91 mn (0.075 in) and inside diameter of 1.36 mm

(0.0535 in). The tubes were separated by 19.1 mm (0.75 in) horizontally

with the entrances in the same plane. The three tubes were routed through

a 6 nun (0.237 in) diameter stainless steel tube and manifolded by teflon

tubing at the exit of the main probe shaft. Th,,e sampling tubes were bent

so that their lengths between the probe tip and main shaft were the same

and, consequently, so that the pressure drops were nearly the 'Awe.

IV.2.4 Wind Tunnel Tests: Dissolution

Theory. In the present program, only the model for dissclution on
lakes and coastal waters was investigated. Measurement of mass transfer by
the profile method was not feasible, however, because of the very thin con-
centration boundary layer in the water for "insoluble" chemicals. The con-
centration boundary layer thickness, from Shaw and Hanratty [361, is (for
larfje Reynolds number and (hm d t number)

: (D8, Sw
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where the Dalton number is given in Equation (111.34). In their experimental

results K= 0.0889 and n= 0.704. As an estimate, the concentration boundary-
layer thickness, + for Sc= 1000 is 1.46, or in physical units is 0.1076nuii

(3 mils) on the basi's of water boundary-layer measurements by Lin, et al. [45]

where U*w was 1.92 cm/s for a wind speed of 10 m/s and fetch of 6mn. Conse-

quently, a successful verification with available instrumentation would be the

detection of no chemical in the water within 6.4 mm of the free surface, the

location of the first probe. Significant chemical in the water would indicate

that another mechanism is more important than boundary layer processes in

dissolution.

Wind Tunnel. Minor modifications were made to the chemical feed system

of the evaporation tests. The feed system for the dissolution experiments uni-

formly dispensed chemical on the water surface upstream and withdrew the chem-

ical at the downstream edge of the pan. This method of chemical dispersal on

the water surface was selected after some experimentation. Other methods

would have allowed dispersal without removal of the chemicals, but chemical

would accumulate downstream and waves would grow. Also, more chemical would

be required to cover the surface. Removal of the chemical downstream allowed

a more uniform slick thickness through control of both the inflow and outflow,

and consequently, the spill was modeled more accurately.

The chemical was dyed with a mixture of one part per 5,000 of the red

dye from the spreading experiments. The dye served two purposes. First, the

dye indicated when the surface was completely covered by the chemical, and

second, the dye aided visual-ly in the separation of the chemical from the

water during recovery of the chemical at the dowlistream end of the pan.

Instrumentation. A liquid sampling probe was built from the same

tubing as the gasý sampling probe. The probe was a conventional rake arrange-

ment of four tubes with their entrances in a vertical plane at 6.4 mm (0.25

inch) intervals, with the top probe positioned 6.4 rnn below the free surface.

Liquid samples of 8 cm3 each were withdrawn through teflon tubing by a 10 crn

glass hypodermic syringe. Samiples were withdrawn at 15-minute intervals for

one hour. Preliminary testing showed that the top probe had to be at least

6.4 cm below the surface in order to avoid surface di-turbtince.
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The liquid samples were then analyzed for chemical concentration.

The differences in solubilities of the chemicals tested required two analysis
methods. Water samples with ethyl acetate and hexanol were analyzed with a
Beckman Carbonaceous Analyzer (NDIR) which is a total organic carbon combus-

tion-infrared device. The octane and hexane, whose solubilities are quite

low, were analyzed by the microextraction method and a gas chromatograph.

IV.2.5 Wind-Wave Channel Tests: Dissolution arnd Evaporation

Wind-Wave Channel. Evaporation and dissolution experiments were per-
formed in the wind-wave channel at Flow Industries, Inc., in Kent, Washington.

The theory and experimental methods for these experiments were essentially

the same as described in the previous two sections. The wind-wave channel

consisted of a wave tank with dimensions of 9.1m length, 1.2m width, and

O.9m depth, and it included a mechanical wave maker. A wind tunnel of equal
width was located above the wave tank with a variable height test section

which was set at 65 cm for ,these experiments. The test station was 5.5m

from the wine tunnel entrance. Additional details on the channel, its per-

formance, and instrumentation are contained in Lin, et al. [45].

The chemical feed system was slightly different from that described

in [45]. The system was originally designed as a once-through system for

the chemical. It was modified so that chemical could be continuously fed
through the system. A slight amount of dye was added to the chemical to

make the watr/chemical interface readily visible in the recovery tanks.

Instrumentation. The instrumentation for the wind-wave channel ex-

periments was similar to that Rreviously described. The liquid and gas
sampling systems were the same; however, the liquid sampling probe was re-
placed by a larger rake. The rake consisted of six sampling tubes with

3.2mm (1/8 in.) outside diameter. The vertical spacing between tube center-

lines was 25.4mm (1 in.).

All probes for the traverse in air were mounted on one traversinj
mechanism. The probes included the foilowlnq:

91



a. Two TSI 1210 hot-wire probes (Tungsten T1.5 sensor)

b. Thermistor for air temperature

c. Pitot-static probe

d. Gas sampling probe

The hot-wire anemometer was a TSI 1054B. The water surface temperature was

monitored with a thermistor. The flow of chemical onto the water surface

was controlled and measured with a Dwyer rotameter. The tunnel speed and

hot-wire calibration were determined by a Dwyer micromanometer and Pitot-

static probe.

The wave heights were measured with a photodiode wave height gauqe

which consisted of the following components:

a. Reticon Model LC600V256-1 camera

b. Reticon RS605 Line Scan Controller

c. Spectra Physics 164 argon ion laser

The laser was operated at approximately 3 Watts of power, and tho water was
dyed with a fluorescent dye. Since only the water was illuminated, the

wave heights were actually measured at the chemical/water interface. The

resolution of the gauge for these experiments was 0.25mm.

All data were processed with a digital data acquisition system and

computer. The data provided included the mean and rms values in physical

units of the following:

a. Velocities from two hot-wires

b. Air and water surface temperatures

c. Position of traversing mechanism, and

d. Wave height.

Approximately 30 seconds of data were averaged. All measurements but wave

height were simultaneous. Since the wave height measurements were digital

and the other measurements analog, two different softfware routines were

required for the data acquisition. Plots of the datai (, iral vs. time)

were also provided by the data acquisition systoe•m.
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iV.3 Data Collection (Typical Results)

IV.3.1 Spreading Tests

Only a general overview of these experiments mainly based on flow

visualization will be presented in this section. For detailed information

atout the results of each experiment, see Appendices A through E of the

Test Data Volume of the Final Report.

Instantaneous Spills in Basin. The series of photographs labeled

Figure IV.12 show a time lapse sequence of a 60 liter instantaneous spill

of naphtha. As can be seen, the chemical spreads axisymimetrically from the

spill point. The outer edge of the thick slick was very easy to distinguish

at the beginning of the spill. Later, when the slick was considerably

tninner, a thin slick beqan forming which made it more d fficult to dis-

tinguish the edge of the thick slick as shown in Figure IV.13. At that

point, the data collection was stopped. From the data obtained, a graph

of slick diameter as a function of time was drawn as shown in Figure IV.14,

for comparison with the computer model predictions.

These results are typical of the non-volatile instantaneous spills

studied. The results for all of the non-volatile instantaneous spills in

the basin are contained in Appendix A of the Test Data Volume of the Final

Report.

Continuous Spills in Basin. The series of photographs labeled

Figure IV.15 show a time lapse sequence of a continuous spill of naphtha

at a spill rate of 0.95 liters/ second. The slicks spread much the same

as the instantaneous spills described above. The major difference was

that a thin slick formed almost immediately on the outer edges of the

slick. This made it more difficult to document the thick slick spieading

rate. From the data obtained, a graph of slick diameter as a function of

time was drawn, ais shown in Fiqure IV.16, for c(ompari-nn with the computer

iue1prod i i ois.
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(a)

(b)

FIGU RES I V.12 ( b) 60-LITER N40 11-V,1t.ATILE
INSTANTANIEOUS NIAPHTHA SPILL
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(c)

FIGURES IV.12 (c~d) 60-LITER NON-VOLATILE
INSTANTANEOUS IMPHTHA SPILL
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FIGURE IV.13 FINAL SPREADING STAGE OF AN
INSTANTANEGUS SPILL
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1.4-5 60. LITER NON-VOLATILE
INSTANTANEOUS NAPHTHA SPILL
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(b)

Figures IV.15 (a,b) 0.95 LITER/SECOND NON-VOLATILE
CONTINUOUS NAPHTHA SPILL
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(c)

(d)

FIGURES IV.15 (c.d) 0.95 LITER/SECOND NON-VOLATILE
CONTINUOUS NAPHTHA SPILL
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11.4-3 0.95 L/SEC NON-VOLATILE
CONTINUOUS NAPHTHA SPILL
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These•,•-vr.•,•.•.)r,•. resultsW o , , .• a t i o t n.ous spills

These results are typical of the non-volatile continuous spills
studied. The results for all of the non-volatile continuous spills in the

basin are contained in Appendix B of the Test Data Volume of the Final

Report.

Continuous Spills in Channel. Figures IV.17 are photographs of the

development of four different continuous spills. of m-Xylene in the channel.

The table below summarizes the flow conditions for the pictures in this

figure.

Flow River Speed Discharge Flowrate
Conditions (cm/sec) (liter/sec)

A 13.4 0.038

B 18.9 0.050

C, 24.1 0.100

D 29.0 0.149

These river speed/discharge flowrate combinations were chosen to maximize

the length of the channel over which spreading could occur without any

influence of the walls. Data collection of this slick width downstream

of the spill location was stopped when the thin slick hit the channel walls.

The thin slick is indistinguishable in the photographs of Figure IV.17.

From the data obtained, a graph of slick width vs. downstream distance was

drawn for comparison with the computer model predictions. Figures IV.18

through IV.21 show these graphs for the four m-Xylene spills discussed

above.

These results are typical of the continuous spills in the channel

that were studied. The results for all of the continuous spills in the

channel are contained in Appendix E of the Test Data Volume of the Final

Report.
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C

FIGURES IV.17 (C,D) CONTINUOUS SPILLS OF m-XYLENE
IN A FLOWING RIVER
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"IV.3.2 Evaporation Tests

Velocity Profile Measurements. Since the friction velocity and

boundary layer thickness were required for calculation of Dalton number in

* Equation (111.27), the velocity profiles were measured for model validation.

,*, The results of the velocity profile measurements are summarized in Table

*, IV.13. The data in the table includes the wind velocity, friction velocity,

P friction coefficient, intercept, roughness parameter, the correlation coeffi-

cient for the linear regression, the average coefficient for the 1/7 power-

law velocity profile, and the boundary layer thickness. The results are

compared to those of a standard smooth flat plate. The boundary layer thick-

ness was computed from the 1/7 nower-law profile where u/V 1 = 0.99.

Representative velocity profiles are presented in Figures IV.22 and

SIV.23 for the pan evaporation and qind-wave experiments, respectively. For
the pan evap:jration experiments, the surface velocity, Us, was assumed to"

be zero. In the wind-wave experiments, the surface velocity was assumed to

be

Us /u. 0.55 (IV.22)

in accordance with the reconmendation of Street, et al. [46]. Another

possible method is from conservation of momentum across the air-water inter-

face for a 1/7 power-law velocity profile. The result is

Vw/U , (r/,a) (V/\a) (IV. 23)

At stancird pressure and a temperature of 20'C, the surface velocity is

Vw/Us = 30.96 (IV.24)

Either result is consistent with previous experiments in the wind-wavw

channel [,I!]

1ho vth'lo(ity p IVi wfre typi(,il 4f flow', ov,,r o ,m! rith ,wrfwo

wi II .-m*,i ' ei ,1,10. il' ,,t ll p' i of• il('., IIVf , ' I('1 ,h, i(.ll y iIt vtivt w,•v,".
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!

were ano•,ilous. In particular, the flow at 725 cm/s with the wavemaker had

an exceptionally low friction coefficient. The friction coefficient in this

g case is possibly in error from a wave induced velocity component.

4

In other cases, the friction velocities are also apparently low. For

"* example, at 729 cm/s without the wavemaker, the friction velocity is 28.1

cm/s whereas Lin, et al. [45] reported 38 cm/s at a tunnel velocity of 7 m/s.

Another exception is the flow over hexanol at 730 cm/s in the wind-

wave channel. Figure IV.24 is a plot of the friction coefficients of all

I experiments in comparison to a smooth surface. As the figure indicates, the

"I friction coefficient over hexanol in the wind-wave channel was unusually high.

However, this result, which implies flow over a rough surface, is also consis-

tent with the wave height measurements and flow visualization experiments.

The wave heights were increased in the flow over hexanol whereas the octane

dampened the waves. This phenomenon is associated with the spreading coeffi-

cient of the chemical on water.

Wave Hei ht Measurements and Slick Thickness. One of the objectives

of the wind-wave experiments was to measure the effect of waves in mass

transfer from evaporation. The results of the wave height measurements are

summarized in Table IV.14. The interesting result in this table is a compariL

son of the rms wave heights for water, octane, and hexanol at 7.5 m/s for

wind waves only. The octane dampens the waves while hexanol increase, the

wave height.

The wave heights in non-dimensional inner-scale variables are also

included in Table IV.14. Both rms and mean wave heights are included in the

table. The rms was measured, but the evaporation model, Equation (111.27),

contains the mean wave height. According to Street [29], the mean and rms

wave heights are related by

hm+ = (2n ( 425)

The frequency and peak-to-peak amplitude of the rechanir,•ll -'er'~r;Jt~d

waves were 1.6 liz and 3 cm, respectively.
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TABLE IV.14 WAVE HEIGHT MEASUREMENTS

RMS

Surface Wave HeightSraeVw ri n+ hm+(l

(cm/s) (cm)

Octane 208 0.01 0.54 1.36

342 0.01 0.86 2.15
* 482 0.916 128. 320.

519 0.0741 10.2 25.5
* 357 0.971 86.1 216.

729 0.0779 14.1 35.4

Octane * 725 1.037 151. 379.

Hexanol 730 0.647 186. 467.

Water * 760 1.53 421.(2) 1055.

Water 760 0.558 153.(2) 385.

Wavemaker

(1) hm+ = (2Tr)½ n,

(2) Estimated from Lin, et al. [45]
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For the wind-wave experiments, slick thickness may be an important

parameter in evaporation and dissolution. Slick thickness was estimated

by conservation of mass from the following:

h = Q/(Us w) (IV.26)

where Q is the measured flowrate of the chemical onto the water surface,

w is the tunnel width, and the surface velocity, US, is estimated from

Equation (IV.22) or (IV.24). The primary assumption in Equation (IV.26)

is that the slick moves uniformly as slug flow. The average slick thick-

ness with two different estimates'of surface velocity is tabulated for all

the experiments in Table IV.15.

Normally, both octane and hexanol have positive spreading coefficients.

Consequently, they will continue to spread until they form a monolayer. How-

ever, in the case 'of hexanol, a thin layer spreads very rapidly and locally

changes the surface tension of the water. Thus, the spreading coefficient

of hexanol becomes negative, and hexanol forms lenses. The minimum thick-

ness for an infinitely large slick is given by Equation (111.15). From this

equation, the minimum thickness for a hexanol slick is 2 mm. Since the

average thickness was estimated to be only 0.04 mm, only a small fraction

of the surface was covered by lenses. The surface area covered by lenses

could be estimated from [19] if an average lens diameter were assumed.

Slick thickness for these experiments can be controlled by the flow-

rate of the feed system. The flowrate of hexanol was less than the octane

in these experiments because the flowrate was limited by the higher vis-

cosity of the hexanol.

Evaporation Concentration Profiles. The results for the concentration

measurements are summnarized in Table IV.16. Typical concentration profiles

are shown in Figures IV.25 and IV.26 for the pan evaporation experiments and

wind-wave experiments, respectively. In general, the curves are relatively

linear and yield reasonable values of the Dalton number. No trenrid haie

been discovered on the value of the intercept, Br7

5SPAGE
kSBLNK
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TABLE IV.15 ESTIMATED AVERAGE SLICK THICKNESS
FOR WIND-WAVE EXPERIMENTS

Surface Vw Chemical () h U (2) hSraew Flowrate Ush

_(cm/s) (2/min) (cm/s) (mm) (cm/s) (mm)

" Octane 208 5.3 4.91 0.15 6.73 0.11
S342 8.8 7.17 0.17 11.0 0.11

* 482 8.8 11.7 0.10 15.6 0.079
519 8.8 11.4 0.11 16.8 0.073

* 357 8.8 7.46 0.16 11.5 0.11

729 9.7 15.5 0.087 23.5 0.057

Octane * 725 10.6 12.4 0.12 23.4 0.063

Hexanol 730 6.6 24.5 0.037 23.6 0.039

(1) U/u.* = 0.55

(2) Vw/Us = 30.96

Wavemaker
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119



The quality of the data was checked through repetition of the ex-

periments. One such check is the two concentration profiles for a wind

speed of 5 m/s. Although the repeat data are not within the error bars of

the measurement, the data are reasonably close. The error bars are +2o,

or 20-to-one odds, and the standard deviation of the concentration measure-

ments was established by an average of twenty consecutive measurements at

one location. According to Moffat [47], this. procedure will determine the

accuracy of the standard deviation within 45%.. The standard deviation was

measured to be 8% of the mean concentration of octane at two locations,

one in the boundary 1:yer and one at the downstream sampling station.

Values of the Dalton number for all pan evaporation experiments ar-

shown in Figure IV.27 in comparison to the theories of Street [29] and
Yaglom and Kader [28] for smooth flow. This figure indicates that Schmidt

number effects are not discernible in these experiments. Also, no relation-

ship can be identified between the results of the two methods of mass transfer
measurement; however, in most cases the results are the same within experi-

mental error.

The results for octane in the pan evaporation experiments are pre-

sented in Figure IV.28. The primary purpose of this figure is to indicate

the magnitude of uncertainty in the measurements. The error bars are again

for +2a. The uncertainty for the profile measurements was determined from

the standard deviation of the slope in the -linear regression analysis. The

uncertainty for the downstream concentration measurement was computed from

an average of 20 bag samples. The error bars for the two measurements of

Dalton number usually overlap. Also, the error bars are smaller for the

more volatile chemicals such as ethyl acetate, and larger for the less

volatile such as hexanol and octanol. The results for'the octane on water

experiments are comparable to the pure octane experiments.

Dalton numbers from the the two test facilities are compared in

Figure IV.29 for the profile method. The uncertainty in the wird-wave

experiments tends to be less, and the Dalton numbers are smaller. The

lower Dalton numbers may be associated with slick thickness. T he rli-v

thickness of octane on water for the pan evaporation e/periments was pro-

bably much thicker than in the wind-wave experiments. Since the Dalton

number of hexanol is similar to that of octane, the water surface must
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Chemical Schmidt Number

40 Ethyl Acetate 1.82

(3 Hexaflol 2.19

0oOctane 2.61

SOctanol 2.36

£2Hexane 21

S.06

E

Cd

.04 Sc=1 .82

L.0

-4 ------.. --- --- street [291

* ~Yaglomi and Kader
A [281J

.02 Sc=2.6 1  A

A A

200 400 600 0

Inner-scale boundary layer 
thickness, 6+

FIGURE P1.27 COMPARISON OF DALTOM NUMBERS 
FOR VARIOUS CHEMICALS IN

PAN EVAPORATIONI EXPERIMENTS. 
CLOSED SYMBfOLS ARE FOP

PROFILE METHOD; OPEN 
SYM~BOLS ARE FPROM TWINEL EXHAUST

MEASUREMENTS; AND SYMBOLS WITH SLASH AR[ ctC11IICAL O11

WATER EXPERIAEIITS.
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hdve been covered in a thin film during lens formation; otherwise, the

Dalton number would have been much smaller.

The effect of roughness-on Dalton number is emphasized in Figure IV.30.

The Dalton number is plotted as a function of wave height for the experimental

data •..d for the theories of Street [29] and Yaglom and Kader [28], in which

6 4+=200b and Sc=2.61 were used in Equation (111.27). The data are con-
Ssistent 1 with the hypothesis that mass transfer will diminish in flows over

"rough surfaces.

During the pan evaporation experiments, substantial cooling occurred.

S The liquid temperature attained steady state before data acquisition. The

liquid surface tempcrature was used in the calculation of the saturation

concentration. The temperature of the chemicals tested as a function of

wind speed is presented in Figure IV.31. This cooling has two important

effects: boundary layer stabilization and errors in velocity for the hot-
wire. In the concentration calculations for these experiments, the friction

velocityifrom the velocity measurements over octane were used. Cooling was

.* not detected in the wind-wave experiments.U
IV.3.3 Spreadinq and Evaporation Tests in Basin

The procedures used for the spreading and evaporation tests in the

basin were similar to the non-volatile spreading tests in the basin dis-

cussed earlier in Section IV.3.1. These tests, which included evaporation,

differed from the non-volatile tests in two ways:
IV-

(1) Since a wind was necessary for evaporation, the entire slick

tended to move with the wind while spreading. Although the

slicks stayed relatively symmetric, they no longer were center-

ed in the basin, and special treatment was necessary to deter-
mine the average slick diameters over time.

"(2) The eva;orotion of the chemicals caused the outer edges of the

slick to foriii irr(gular fingers rather than being smooth. [sti-

iMation of each average radii was necessary during the data

collection to (:co lect meenin(Iful slick diameter data.

* .l?



I .06 IIhm+

0 Octane

03 Hexanol

Street [29]

F .04

2 Yagloni and Kader [28]

4.0

* 0

4' a

I G£2,.0 PLO NME SAFNTO F AEIErI. LN'

A4r THoIFR 6 ý?00 ad S.-?f

F~ ~ ~~C.s DG'~ SY.0 DATNNMB AS At FOR MCTION OF WAVE !EGIT 'r,



A.¶A------

i

II

25

(.-) HXA
- •(Hexane)

220

8

4-
S.. 15ET

102

E X

CaHeanl

1/76



The data collected for the spreading and evaporation tests in the
*• basin were graphed in the form of average slick diameter as a function of

time. The results for all of the voldtile instantaneous spills are con-

tained in Appendix C of the Test Data Volume of the Final Report. The
.- results for all of the volatile continuous spills are contained in

Appendix 0 of the Test Data Volume.

IV.3.4 Dissolution Tests

Wind Tunnel. Four chemicals (ethyl acetate, hexane, hexanol, and

octane) were tested for dissolution in water in the wind tunnel as a func-

tion of wind speed. The measured solubilities are listed in Table IV.17

TABLE IV.17 SOLUBILITY

Measured Literature
Chemical Solubility Solubility

(ppm)

Ethyl Acetate 64,387 87,000

'Hexane 7 9.5
1 Hexanol 6,149 6,000

6,305

Octane 2 0.43 - 0.88

in comparison to values from the literature. The solubilities cf hexane
and octane were much lower than that listed in Appendix A; however, they
are in agreement with those reported by Mackay and Shiu,[48]. The results

," of the dissolution tests are summarized in Table IV.18. Since the concen-
Stration profiles were fairly uniform, only an average value (over the 31.7a,,

depth of the probe) is presented for each time interval. Octane and hexane
were virtually insoluble. A maximum of one percent of the solubility limit
"for octane was measured in a 60-minute period while 15% was the maximum for

hexane. Dissolution rate was a strong function of wind spreed for eth/l ire-

* tate. Ethyl acetate reached 100% of its solubility in 60 minute. rt 5 m/-,
while hex,,nol ,attained 77'ý -daturat in under th(ý 'ouni , rorind itiun'.

1,?7

10



"TABLE IV.18 RESULTS OF DISSOLUTION TESTS IN SwRI WIND TUNNEL".4

Average of 4 Concentration Measurements
Over a Depth of 25 to 30 mn.

Vw Saturation Time
Cma(m/s) (M) (min)

Ethyl Acetate 2 20.1 15
2 29.7 30
2 3S.5 45
2 44.2 60

I 5 46.0 15
I 5 72.0 30

5 89.3 45
Ethyl Acetate 5 100.0 60

- Hexane 5 5.7 15
5 9.3 30

5 9.6 45
"Hexane 5 14.6 60

Hexanol 2 38.2 15

2 58.9 30
"2 66.4 45
2 65.7 60

"5 42.5 15
"5 62.0 30

4 5 68.8 45
"Hexanol 5 77.3 60

Octane 5 0.7 15
5 1.3 30

"Octa~ne 5 0.4 45

.1
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Wind-Wave Channel. The more interesting dissolution results were

from the wind-wave channel. Again, octane was essentially insoluble, but

the hexanol was uniformly dispersed in the upper layer of water. The con-

centration profiles are shown in Figure IV.32 for a wind speed of 7..5 In/s

and with mechanical waves. The profiles were averaged and plotted as a

function of time in Figure IV.33. The difference in concentration with its

saturated value decays in time like a diffusion process. The time con-

stant is 0.0164 min-l.

The dissolution process was investigated further by flow visualiza-

tion. Sufficient dye was added to the hexanol so that it was readily

visible on the water surface. Hexanol lenses formed on the surface with

diameters of approximately 5'mm. Hexanol droplets were dispersed into the

water by wind waves. Neither mechanical waves nor breaking waves were

required for the droplet dispersion. At 7.5,in/s, the drops were dispersed

to a depth of 10 to 15 cm. In contrast, the octane formed a uniform sheet

on the water surface, and no droplets were formed.
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V. COMPARISON OF MODELS AND TESTS

V.1 Spreading Models

The tests described in Section IV.3.1 are sufficient to establish

(1) the empirical constants K10 , K2 0 , Kll, and K2 1  in the spreading models

For. instantaneous and continuous spills in open water without a current, and

(2) the empirical constants K1 2 and K2 2  in the spreading model of continu-

ous spills in open water with a current. Although the empirical constants

in the channel models cannot be established directly by any of the tests,

their values can be inferred from the constants that can be established.

According to the model derivation presented in Section 111.2.4, for example,

the lateral spreading of a slick formed by a continuous spill in a current

is identical with the one-dimensional spreading of an instantaneous spill

in a channel without a current; therefore, it is reasonable to assume that

Clo = K1 2 and C2 0 = K2 2 . In addition, as is shown below, there is little

difference between the constants for instantaneous and continuous spills in

open water without a current; it is reasonable to expect the same kind of

relations for spills in a channel, so C11 - Clo (= K12 ) and C2 2 -: C2 0

(= K2 2 ). Finally, if there is a current in a channel, the downstream

spreading of the slick from a continuous spill is mostly due to the current;

thus, there can be little error involved in assuming that C12 = Clo and

C2 2 = C2 0 . With these physically reasonable assumptions, all the empirical

constants in the spreading models can be established by the test data.

After a portion of the test data is used to determine the empirical

constants', the rest of the test data is used to verify the models.

Instantaneous 1ýil in Open Water (Negigible Evaporation). Typical

data (from Test 1.2.4) are shown in Figure V.1, in the form of the logarithm

of the observed spill diameter plotted against the logarithm of the elapsed

time. This forn of plot is convenient to reveal a power-law type of depen-

dency of the diameter on the time, as expected fr(m EquFi ations (111.3) and

(11.5). 1H k ,vident that the data points do fall rntur;illy on two

s r,ailjht lines, whose slopes are, to within the act.ura(.y of the data measure-

ments, equal to the theoretically-predicted values 0 (1.50 and 0.25 for

gravity-inertial and g.ravity-viscous spreading. The fundomental assumptions
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of the model are therefore confinrmed. (It ought to be noted that mass loss

due to evaporation and dissolution is negligible for this chemical and test

condition; hence, Equations (II1.3)*and (111.5) are applicable, rather than

the more complicated version of the model given in Table 111.2.) The time

of transition from gravity-inertial to gravity-viscous spreading in Figure

V.1 and the slick diameter at that time are used to compute the empirical

constants; the result is that K10 = 1.53 and K2 0 = 1.21. Both constants

are of order unity as expected. Previous semi-analytical estimates gave

K10 = 1.14 and K2 0 = 0.98 [7]. The present values are slightly larger

than the previous estimates but the ratio K2 0 /K1 l is about the same for

both.

Figures V.2 through V.4 compare predictions of the model with

KIO = 1.53 and K2 0 = 1.21 to test results for a variety of spill sizes

and chemical densities. (Again, the evaporative loss of mass from the slick

is negligible, so Equations (111.3) and (111.5) can be applied directly.)

The predictions match the data very well, especially for the larger spills

where any influence of a lack of true "instantaneous" initial conditions is

small.

Continuous Spill in Open Water Without a Current (Ne,)__ibleEva pra-

tion). The test data from a typical test (Test 11.4.4) are plotted in log-

log form in Figure V.5. Just as for the instantaneous spills, the data

points fall on two straight lines Inhose slopes are in agreement with theory.

(Mass loss from the slick is negligible, also as before.) From the observed

transition time and diameter, the computed empirical constants are KI1 =

1.24 and K2 1 = 1.09. There are no previous data or analyses to which these

values can be compared.

Figures V.6 through V.9 show comparisons of the revised model to tests

with a variety of discharge rates and chemical densities. The predictions

overall match the data well, although the comparison for the hexanol spill

shown in I I ture V.8 ics rt.t (jood near the end of the di,( hdr()e period.

(III mny o• :he tests, 111o bhehovior (Jo hexirolo wa'; riot.i(:iably dif t ,rent. frotim

.hIt. of the other chewmicils. Althhouilh thn, re,,ons for the differences could

not. he isolated, it is believed thtil. the Irq s;preadinq coefficient of hexanol
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caused a rapid growth of the thin slick and a subsequent change of the sur-

face spreading properties in the water ahead of the thick slick. There was
.I some tendency noted for hexanol to form lenses in the small-scale spreading

.. tests.)

"C9ont•inous. Spi.l . in Open Water With a Current (Nejljiible Evaporatýio).

Although these tests were conducted in a channel, data were measured only
during the time when the thick slick was still well away from the channel

wa'Ss. The test data therefore correspond to a discharge in open water with

*: a current.

"The results of a typical test (Test V.1.4) are shown in log-log form

":1 in Figure V.10. Once again, the test data points fall on two straight lines

having the theoretically-predicted slopes for gravity-inertial and gravity-

viscous spreading when mass losses are negligible. Because there was some-.

what more scatter in the data from test-to-test than for the open-water,
zero-current tests, the data from two tests were used to establish the em-,
pirical constants in the spreading model. The best fit to the data gives

* K12 = 2.37 and K2 2 = 3.65. As mentioned previously, the empirical con-
"stants for the one-dimensional spreading of an instantaneous spill are theo-

retically identical to K12 = K22 . Previous estimates of the constants for

j one-dimensional spreading of instantaneous spills are Clo = 1.39 to 1.50
and C2 0 = 1.39 to 1.50 [7]. The present constants are thus about twice as

large as the previous estimates, according to this idea of similarity be-
tween the two forms of spreading. The previous estimates, which are based

on semi-analytical theories and small-scale test results, may be in error;

on the other hand, the two types of spreading may be qualitatively similar.

but require different constants.

"Figures V.11 through V.14 show comparisons of the revised model to

test results for a variety of discharge rates, chemical densities, and cur-

rents. The comparisons are sufficiently close to verify the model, althouoh

not quite as close as for the tests conducted in the large basin. The

slightly poorer correlation is perhap; not surprising considering the scatter

in the data inherent in measuring slick widths from video recordings.
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V.2 Evaporation Rate Model

"The proposed evaporation model appears to be adequate for the present
application without any changes. These experiments are probably the first

where mass transfer of a hydrocarbon is measured by the profile raethod The
differences between theory and experiment are likely within the uncertainties

of the experimental methods. In future experiments, the inflow and outflow
of chemical from the water surface should be measured, and the effects of
slick thickness evaluated. Also, the influence of spreading coefficient on
waves should be evaluated since such roughness effects are coupled with mass

transfer.

V.3 Dissolution Rate Model

The boundary layer nmodel suggested for dissolution may be adequate
for certain classes of highly insoluble hydrocarbons such as hexane and
octane. For other chemicals such as hexanol, droplet dispersion in the
water may be the dominant mechanism for dissolution, and breaking waves are
not required necessarily for droplet dispersion. No models are currently
available which adequately describe such a mechanism. Probably the inter-
facial tension of the chemical with water is an important physical property.

V.4 Spreading Models With Evaporation

As discussed in Section V.1, spreading tests with non-volatile chem-
icals established the empirical constants in the spreading models, and the
wind tunnel and wind-wave tunnel tests discussed in Section V.2 established

the empirical constants in the evaporative mass-transfer coefficient corre-
lation. In this section, the effects of spreading and evaporation are com-
bined, and the model predictions are compared to tests of instantaneous and
continuous spills of volatile chemicals in the large basin. Spreading tests
that adequately demonstrate the effects of evaporation are difficult to con-
duct since the high wind needed to cause significant evaporation also tends
to move the slick to the boundary of the ba';in rapidly. The wind al-o dis-

torts the shape of the slick so that it is 'more difficult to determine the
sl ick dr'ea and the averaqe diameter than it i' for tests with littlo or no

w i rid.
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Figure V.15 shows a comparison of the data for a large spill of pen-

tane, the most volatile of the test chemicals, to the prediction of the model

with evaporation included, as well as to predictions with the evaporation

suppressed by setting the wind speed to zero. Although the model fits the

data to within the scatter in the tests that were used to establish the

empirical spreading coefficients, the comparison is not as close as the
typical comparison with non-volatile chemicals. This lack of good compar-

ison is not believed to be a deficiency in the model but, as mentioned above,

•- due to the difficulty in computing an accurate average diameter for a slick

that moved a significant distance away from the source during the test.

Figure V.16 shows a typical comparison of model and data for a con-

tinuous spill. The spreading model for these test conditions falls into

the exceptional category discussed previously in Section 111.2.4, namely,

the case where UT is small in comparison to the gravitationally-induced

% spreading velocity. The model assumes a triangular shape for the slick

when UT > 0 (no matter how small UT is), although the observed slick

4 was elliptical and surrounded the source rather than being totally downwind
4J of it. Thus, a first estimate of the spill size as a function of time was

made by setting the wind speed equal to zero in order to predict a radial

spreading. Although the model then matches the observed shape very well,

evaporati'e losses are not predicted since the assumed wind speed is zero.

Thus, to estiilate the mass lost by evaporation, the model of an instantaneous

spill of the same total volume was exercised twice, once with the true wind

speed and once with the wind speed set equial to zero. The difference in

evaporative losses and s!4ck diametrs were then applied to the continuous

Sspill results. The comparis, i to the data is not quite so close as was ob-

tained in general with the non-volatile chemical tests, but in this case the

model over-predicts the results.

Altogether, it is concluded that the models adequately predict the

effects of evaporation on the spreading of instantaneous and continuous

spills.
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VI. DEMONSTRATION CASES

The input and output data for five different examples of the com-

puterized models are presented in this section. Table VI.l gives a brief

description of each of the examples. They show most of the features of the

models and were selected to hightlight potential difficulties in interpreting

the computed results.

Table VI.2a is an exact copy of the user "prompts", the input data,

and the input printout of Demonstration Case No. I as they would appear on

a terminal screen. The data following each ? are the input supplied by the

user. Most of the required input is self-explanatory. The "time increment"

requested at the fourth prompt is the integration time step; a value of 1.0

- second is suggested and has been found to be satisfactory for.spills of
practical size and duration, but here the spill is quite small so a shorter

time step is used. The "run time" requested at the fifth prompt is the
maximum length of time that the slick motion will be followed; the computa-

tions will cease at this time unless one of the other termination criteria

is met first. (The criteria are: slick has evaporated and/or dissolved to

zero thickness; the thickness of the thick slick is less than the allowed

value given as input; or the slick has reached a lake boundary or a coast.)

The "minimum thickness of thick slick" requested at the sixth prompt is the

user's estimate of the thickness below which the thick slick begins to spread

predominantly in the surface tension-viscous mode (i.e., as a thin slick);

comoutations cease when the thickness falls below the input value, and a

notification is printed in the output. The present experiments indicate

that 0.0001/meters is an appropriate value for this thickness. The "thick-

ness of thin slick" requested is normally the same as the minimum allowed

"value of the thick slick thickness although the equality is not specifically

* required. Later in the input, the requested wind direction is referenced to

Pe the positive x-axis. The last input, the printout time step, is the time

duration between pri~ntouts of the results; only forty printouts are allowed,

so the user should make sure that the ratio of run time to printout tirme

step is not larger than forty.

pEVIOUS PAGF155 IS BLANK
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TABLE Vl.2a INTERACTIVE INlPUT FOR
DEMIONSTRATIONJ CASE NO. 1

"ENTER THE TITLE FOR THIS RUN..
? DENO NO. I

INPUT THE AMBIENT TEMPERATURE IN CELSIUS.
?20

INPUT THE BAROMETRIC PRESSURE IN MILLIBARS
OR ZERO, 8, FOR THE STANDARD SEA LEUEL PRESSURE

"* *', OF 1813.25 MS.

INPUT THE TIME INCREMENT IN SECONDS. TRY 1.8.

INPUT THE DESIRED RUN TIME IN MINUTES
1.33333'•,".•L'"•" ?INPUT M_4INIMIUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS.

? .E-4
INPUT THICKNESS OF THIN SLICK IN METERS.i • l.E-4,

W MATER BODY DESCRIPTION *

IS SPILL IN RIVER OR CHANNEL? Y/H
?.H

IS IT A LAKE? Y/H

*."" IS IT A CIRCULAR LAKE? Y/H

GiUE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE
(UNIT : METER)

"-- ? 2918 .3
%" .

IS THERE CURRENT? Y/H

* IS THERE MIND IN THE AREA ? Y/H
a.'Y

IS WIND SPEED CONSTANT? Y/H
;".. ? Y

-4 INPUT MIND SPEED (METER/SEC) AND DIRECTION
ANGLE (DEGREES)

' 1.83,8

INPUT MEAN WAVE HEIGHT. (METER)
",f-

- DEFAULT VALUE (Eg.(III.32) OF REPORT) IS USED
BY INPUTTING -1.
? .81
GIVE SPILL COORDINATES X ADID Y, IN METERS

'3. ? 8,8

, SPILL TYPE s

ME HAVE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS
1. ALLYL CHLORIDE 2. BEHZENE

__ 3. BUTADIEHE (1,2) 4. BUTYL ACETATE (ISO)
5. BUTYL MERCAPTAN (H) 6. CHLOROBUTA-1-3-DIENE
7' CYCLOHEXAHE 8. CYCLOHEXENE
9. DIPROPYL ETHER (ISO) 10. ETHYL CHLORIDE

* 4.1
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TABLE Vl.2a (CONTD)

11. ETHYL MERCAPTAN 12. HEPTANE (N)
13. HEXANE (H) 14. METHYL CYCLOHEXANE
15. NONAHE (N) 16. OCTANE (N)
"17. PENTAHE 18. TOLUENE
"19. TRIMETHYLBEHZEHE 20. XYLENE (M)

"ENTER THE NO. YOU WANT OR
*-- NEGATIVE VALUE - IF YOU WANT TO INPUT THE PROPERTIES

99 - IF THE CHEMICAL IS HOT OH THE LIST
"? 17

"BAROMETRIC PRESSURE : 1013.25e MILLIBAR

-- TEMPERATURE 28.e88 DEGREES C

CHEMICAL NAME IS: PEHTANE

... ,,1CHEMICAL DENSITY = 626.08 KG/CU.M.

MOLECULAR WEIGHT = 72.151 KG/KG-MOLE

DIFFUSION COEFF (AIR) = .75080E-05 SQ.M./SEC

DIFFUSION COEFF (WATER) = .84000E-09 SQ.M./SEC

CHEMICAL VAPOR PRESSURE : 58772.29 HEWTON/SQ.M.
.' -%*

SOLUBILITY IN WATER = .36 KG/CU.M.

THE INTERFACE TENSION WRT AIR IS .16046E-e1 NEWTON/M.
THE INTERFACE TENSION NRT WATER IS .502eeE-01 NEWTON/M.

"THE SPREADING COEFFICIENT IS .65142E-02 NEWTON/11.

IS SPILL 1. INSTANTANEOUS OR 2. CONTINUOUS?

INPUT THE TOTAL SPILLED VOLUME (CUBIC METER)

INPUT THE PRINTOUT TIME STEP IN MINUTES.
" .66667

158



'" Table VI.2b shows some of the computed results for Demonstration

Case No. 1. (The printout of the input cond6tions is not given in the table,

0% only the computed results. The actual printout includes the input.) First,

the results at the end of the gravity-inertial phase (0.14445 minutes, or

8.7 seconds in this case) are printed. Then the regular printout routine

begins at aboLt 12 seconds, which is the first printout time greater than

the gravity-inertial spreading time that is an integral multiple of the re-

quested printout time step. (The printout occurs at 12.073 seconds rather

than exactly 12 seconds because thetime step of the numerical integration

- scheme rarely coincides with the requested printout time step.) The print-

"out gives information about the thick slick size, thickness, and mass, the

position of the center of the slick, and the mass of evaporated and dis-

solved chemical. Similar printout is given every four seconds (although

• •the results between 16 seconds and 80 seconds are not included here, for

brevity) until the requested run time is exceeded. None of the other termi-

nation criteria is met.

Table VI.3a shows the input for a continuous spill that is otherwise

similar to Demonstration Case No. 1. The computed results are shown in

. Table VI.3b. Again, the results at the end of th.2 gravity-inertial spread-

ing phase are given first. Note that for a continuous spill, the output in-

cludes data about the thin slick. Because there is no current, the trans-

port velocity is due only to the wind and is thus very small. As a result,

*" the triangular slick is much wider (17.0 meters) than it is long (3.55 meters).

In reality, the slick formed under such small transport velocity conditions
would be roughly elliptical and would enclose the spill source, rather than

being entirely downstream of it; this was discussed earlier in Section Il1.

-.After the discharge stops at 1 minute, a switch is made to an instantaneous

model ind the form of the printout charges to indicate it. Because of the
difference in shape of the slick assumed in the two models, there is a small

discrepancy in the predicted slick position at the time of the switch.

Moreover. only the location of the center of the slick is printed out for

* the instantaneous model. In this case, the triangular slick is so wide

... coiipared to its length that the instantaneous slick is allowed to spread

SOne-dmlensionlly (,i-1 if il. were in a channel) unt.il tho shape hbecomires more
"squarish". At. th-t. I. irne (which would oc(ur here fra tmv lon'ir than

-,N

4,5
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TABLE VI.2b SAMPLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 1

* SPREAOIhG MODEL OUTPUT

THICK SLICK HAS SPREAC OVER A CIRCULAR AREA OF .2•%q3-E*O2SCUARE METERS,
-ITH A RAOIUS OF .278bSEO01METERS AFTER THE FIRST .1454E.OOM0INUTES

TIME 0 0.00 MINUTES 12.073 SECONDS
THICK SLICK AREA , .286OE.02 SO.M. THICK SLICK I-ICKNESS - .13"'57?-02 METERS
THICK SLICK RADIUS - .3OLi7E*O1 METERS

N TOTAL PASS OF THICK SLICK - .214813E+C2 KG.
TOTAL EVAPORATED MASS - .22663E-CO KG.
RATE OF EVAPORATION .*2509lE-02 KG/tSEC-SC.".J

TOTAL OISOLVED PASS * .4b835E-04 KG.
RATE OF DISSOLUTION - . 11853E-C6 KG/(SEC-SC.po.I

"TOTAL PASS .2tC4OE*C2 KC.

a..

• -. THE CENTER OF THE SLICK IS LOCATED AT X .77iJ2E.GC lE TEf(S AND Y -0 . fETEI S

TIME - 0.00 MINUTES t6.013 SECONDS
THICK SLICK AREA - .32732E-O2 SC.M. THICK SLICK THICKNESS - .11959E-02 METERS
THICK SLICK RAOIUS • .32278E.OL PETEtS

TOTAL MASS OF THICK SLICK - .245C'5E.C2 KG.
TOTAL EVAPORATED MASS • .5?;C4E'CC KC.
RATE OF EVAPORATION - .250'9LE-O2 KG/ISEC-SO.P.)

"TOTAL DISSOLVED PASS S .1 1057E-C3 KG.
RATE OF DISSOLUTION . .5183E-06 KC/ISFC-SO.M.I

TOTAL PASS .2504OE.C2 KG.

THE CENTER OF THE SLICK IS LCCAtEo AT x -. LL-tE-1 ITERS ANOD Y 0. PETERS

T IE L.0O0 MINUTES 2f0.)73 SECO]NDS
.. Q THICK SLICK AREA • .SO'•' lE.02 SO.M. THICK SLICK rT-ICKNESS . 7049E-03 METERS

THICK SLICK RADIUS " .42 3ilE.,1 METERS

TOTAL MASS CF THICK SLICK - .1t633E.C2 KG.
or, TOTAL EVAPORATED MASS . . d •404E C1 KG.

IATE CF EVAPOWATION .2O9qLE- 2 KG/ISEC-SC.P.)

TOTAL DISSOLVEC ?ASS .i ?17O•-C2 XG .

R ATE tQF )tSS{]LUTICNP . - ilS)IF-Ob '(G IStC-SQ'.P )

TUTAL PASS . /,C'0F *C2 KG.

THE Lt NTfR OF T1-f SLICK IS LCCATEO AT A .' I F2t• 7. L "E T{ WS Ant) Y * C. I, IEPS

160



""TABLE VI.3a INTERACTIVE INPUT FOR
i;• DEMONSTRATION CASE NO. 2

SENTER THE TITLE FOR THIS RUN..
? DEMO NO. 2

"INPUT THE AMBIENT TEMPERATURE IN CELSIUS.
""29
INPUT THE BAROMETRIC PRESSURE IN MILLIBARS

"OR ZERO, 9, FOR THE STANDARD SEA LEVEL PRESSURE
OF 1913.25 MB.

INPUT THE TIME INCREMENT IN SECONDS. TRY i.e.

'.4 INPUT THE DESIRED RUN TIME IN MINUTES
!? 1.33333
INPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS.

. 1.E-4
INPUT THICKNESS OF THIN SLICK IN METERS.
I.E-4

W MATER BODY DESCRIPTION *

is L IN RIVER OR CHANNEL? Y/N

IS IT A LAKE? Y/N

"IS IT A CIRCULAR LAKE? Y/N

<.•- GIVE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE
* '(UNIT : METER)

20 2,9.3

IS THERE CURRENT? Y/H

IS THERE WIND IN THE AREA ? Y/N

IS WINJ SPEED CONSTANT? Y/H

INPUT MIND SPEED (METER/SEC) AND DIRECTION

ANGLE (DEGREES)
• 1.94,9

INPUT MEAN WAVE HEIGHT.(METER)
• DEFAULT VALUE (EQ.(I111.32) OF REPORT) IS USED
"BY INPUTTING -I.• ? .91

GIVE SPILL COORDINATES X AND Y, IN METERS
S.' ?9e,9

. SPILL TYPE *

W E HAVE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS
1. ALLYL CHLORIDE 2. BEHZENE
3. BUTADIEHE (1,2) 4. BUTYL ACETATE (ISO)
5. BUTYL MERCAPTAN (N) 6. CHLORO8UTA-1-3-*DIEHE
7.CYCLOHEXANE 8. CYCLOHEXENE

9. DIPROPYL ETHER (ISO) 18. ETHYL CHLORIDE
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TABLE VI.3a (CONTD)

11. ETHYL MERCAPTAN 12. HEPTANE (N)
13. HEXANE (H) 14. METHYL CYCLOHEXANE
15. NONANE (0) 16. OCTANE (H)
17. PENTANE 18. TOLUENE
19. TRIMETHYLBENZENE 20. XYLEHE (M)

ENTER THE NO. YOU WANT OR
NEGATIVE VALUE - IF YOU WANT TO INPUT THE PROPERTIES99 - IF THE CHEMICAL IS NOT ON THE LIST

1?

BAROMETRIC PRESSURE : 1813.250 MILLIBAR

TEMPERATURE : 20.90g DEGREES C

CHEMICAL NAME IS: PENTANE

CHEMICAL DENSITY 626.88 KG/CUM.

MOLECULAR WEIGHT 72.151 KG/KS-MOLE

/ DIFFUSION COEFF (AIR) = .75888E-e5 SQ.M./SEC

DIFFUSION COEFF (WATER) = .84eO0E-09 SQ.M./SEC

CHEMICAL VAPOR PRESSURE = 58772.29 NEWTOH/SQ.M.

SOLUBILITY IN WATER = .36 KG/CU.M.

THE INTERFACE TENSION WRT AIR.IS .16046E-e1 NEWTON/M.
THE INTERFACE TENSION WRT WATER IS .582e9E-81 NEWTON/M.

THE SPREADING COEFFICIENT IS .65142E-02 NEWTOH/M.

IS SPILL I. INSTANTANEOUS OR 2. CONTINUOUS??2
INPUT THE RATE OF DISCHARGE (CU.M./SEC)

? .8e1

INPUT THE TOTAL DURATION OF SPILL IN MINUTES
?1.

INPUT THE PRINTOUT TIME STEP IN MINUTES.
e .966667
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TABLE Vl.3b SAMPLE COMPUTED OUTPUT FOR
"DEMONSTRATION CASE NO. 2

,• O00**q*44OO~t*q*OO4*AO**4@***64.*OeqO*~*o*4#@49e ee~ ¢•~~eO##.**

, SPREADING MUODEL OUTPUT

T HICK SLICK HAS SPREAD OVER AN ELONGATED TRIANGULAk AREA OF .3OLhteE.O
*, SQUARE METERS AFTER A TIME OF .d?.I1EO0MINUTES.

THE rPICK SLICK LEADING EDGE IS .17OOOE-ol PETERS WICE ANC IS .1549LE*o1 PETERS
DOWNSTREAM.

' THE TIHIN SLICK AREA IS EQUAL TO .24135E*03 SQUARE METERS.

i
TIME - 0.00 MINUTES 56.070 SECONDS

THICK SLICK AREA - .334py1E*02 SC.M. THICK SLICK THICKNESS - .92715E-O3 METERS
. THICK SLICK DOWNSTREAM WIDTH - .17568E.02 METERS

THIN SLICK AREA - .24556E#03 SO.M.
THIN SLICK DOWNSTREAM WIDTH - .1290CE403 PETERS

i. TOTAL MASS OF THICK SLICK -. I94OqEkC2 KG.
• TOTAL EVAPORATED PASS - .31867E.CO KG.

RATE OF EVAPORATION - .2e372E-C? KGd(SEC-SC.P.I
"TOTAL DISSOLVED MASS . .66037E-04 KG.
RATE OF DISSOLUTION - .54650E-06 KG/I(SEC-SG.M.)
TOTAL PASS OF THIN SLICK - .L5372E.C2 KG.

TOTAL MASS . .35ICOEC2 KG.

TPE LEADING EDGE CF THE SLICK IS LUCAIEU AT X - .Jec22E".CL PETERS AhO
"Y - 0. mETiRS

THE TRAILING EDGE OF THE SLICK IS LOCATED AT THE SPILL CRIGIN

I
TIME - 1.00 PINUTES .070 SECONDS

THICK SLICK AREA - .36q5?E.0OZ SQ.A. THICK SLICK THICKNESS - .91905E-03 METERS
"THICK SLICK DOWNSTREAM• IDTI4H .IMI22E*02 PiTERS
T T' IN SLICK AREA I .2502E.#O3 SQ.l.
THIN SLICK DOWNSTREAM WIOTT - .1I26CE.-3 PETERS

TOTAL MASS OF THICK SLICK - .21262EC2 KG.
TOTAL EVAPORATED MASS - .68992E.CC KG.
RATE OF FVAPORATIGN . .2b]T1E-C2 KG/(SEC-SQ.P.)
TOTAL DISSOLVED PASS - .1,•297E-C3 KC.
RATE OF DISSOLUTION - .54b5OE-Cý KG/ISEC--SC.P.)
TOTAL MASS OF THIN SLICK . .15651EC21 KG.

TOTAL "ASS " .37E04E.C2 KG.

THE LEADING EDGE C;F THE ',LICK IS L'9CAT.) At Y 4 . 7 9O IF .01 PETERS ANC
, - C. PETERS

ThE TRAILING EDGE OF Tt.t SLICK IS LOCATED At THE SPILL CRICIN

TIME - 1.00 MINUTES -.07n SECONDS
THICK SLICK AREA - .3hbl9E.02 O5L.M. THICK SLICK T-ICKNESS * .. ,Oet -E-) .TI;,S

TOTAL PASS OF THICK SLICK - .10874E.02 KG.
TOTAL EVAPORATED MASS - .IC7nOE.CI KG.
RATE CF EVAPORATION . .263171E-CZ KGI(SEC-SC.P.)
TOTAL DISSOLVED PASS . . Z339E-03 KG.
RATE CF DISSOLUTION . ."').bO5 -- Ct KG/ISEC-SC.r.)

TCTAL MASS " .2l%/'F.C? KG.

THE CENTER OF TI-E SLILK I' LLJCAItU At - . 2SJC$I-CI METEK(S AN. Y * C. PEIE&
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TABLE VI.3b (COnTD)

"if IPC 1.00 p. PINUTES 1.01i) SECCNGC'

THICK SLICK AREA 1 .Ib2lqE*2 SJ.0. THI sLICK TI.Ick[ ss .i42IQE-03 METFRS

TOTAL M'ASS OF THICK SLICK - .2cq.*0kC2 A .

TOTAL EVAPORATED MA%'S • .6q2'5E-Cl KG.

RATE OF EVAPORATIAN .1631II-02 Kr/ISkC-Sc.P.|

TOTAL DISSOLVED AA'.S * .1Ji.Uhb-Cj KG.

RATE OF OISSOLUTICN -. 5hS(E-Ch KG/ISEC-SO.Po.

TOTAL MASS 2.L';5ZE *CC2 KG.

THE CENTER OF THE SLICK IS LCCArEO AT 0 - .2•24fE.Cl PETERS AND Y - 0. PETER

TIME . 1.00 MINLTES 12.J70 SiCONDS

THICK SLICK AREA - .3594POE-O2 SO. 4. THICK SLICK TICK.NES S3 .4,43717-03 ETEOS

"TOTAL MASS OF THICK SLICK , .20109E.C2 KG.

TOTAL EVAPORATED MASS .183183E.C1 KG.

RATE OF EVAV.ORATICN - .26372E-CZ KC/ISEC-SC.P.)

TOTAL DISSOLVED PASS - .3.2OOE-C) KG.
RATE OF DISSOLUTION - .5'.bSUE-C6 KG;!fSEC-SQ.m.l

TOTAL MASS .2195.E#C2 KG.

THE CENTER OF THE SLICK IS LOCATED AT x .35)4(F.E.-L PMEIE S AND Y • C. PE Jq

TIME - L.00 PINUTES Lh.O70 SECCNOS

THICK SLICK AREA • .3hA),E.02 SO.'. THICK SLICK TI-ICKNhFS - .bW•J.4E-()) METERS

TOTAL PASSOF THICK SLICK .iql3JE.02 KG.

TOTAL EVAPORATED PASS .22ZU7E.C G KG.

RATE OF EVAPORATION . 2312E-C2 KG/ISEC-SO.P.)
TOTAL DISSOLVED PASS - .4.4OLE-C3 KG.

"RATE OF OISSOLUTrIGN - .S'.5-)E-Ch KG/ISEC-SQ.P.|

TOTAL MASS .21952E.C2 KG.'

THE CENTER OF THE SLICK IS LOCATED AT X .38056E .0 METERS AND Y 0. P-E TIER'

TIm( * 1.003 INUTES 20.070 SECONOS

THICK SLICK AREA .,35263E-02 SO.M. THICK SLICK THICKNESS " .1069/E-03 mETERS

TOTAL MASS OF THICK SLICK - .19357E+02 KG.
TOTAL EVAPORATED PASS . .25945E.CI KG.

RATE OF EVAPORATIOn . -637?E-0i KG/ISEC-SD.M.)

TOTAL DISSOLVED •ASS .5)376)E-03 KG.

"RATE OF OISSOLUTICN . .5,465OE-C6 KG/(SEC-SU.P.1

TOTAL MASS 1 .2lq52E.C2 KG.

"THE CENTER OF THE SLICX 11 LCCATEO AT 4(l .C1 ifT " 1i Pf If U A NO " C . E ER
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the run time), the instantaneous model is changed to the open-water case,

and the slick is assumed to be circular subsequently.

Input for Demonstration Case No. 3 is shown in Table VI.4a. For this

case, the current is non-zero and its x and y components are input at the

fourteenth prompt. Also, the chemical properties are input separately, rather

than taken from the data for the twenty chemicals included as samples in the

model. Sample output is shown in Table VI.4b. The change in the form of the

output should again be noted when the discharge stops after 30 minutes. In

this example, the shape of the slick is such that the instantaneous model is

immediately assumed to be the open water case; the slick spreads symmetrically,

and the radius of the thick slick is printed out.

Input for Demonstration Case No. 4 is shown in Table VI.5a. The width

and depth of the channel are input at the eighth prompt. The bottom rough-

ness is input at the ninth prompt; the computed results are practically inde-

pendent of bottom roughness for realistic values of channel depth, so the

default value can be used with little or no loss of accuracy when the actual

bottom roughness is unknown. The wind direction for a channel is referred to

the downstream channel direction (the fifteenth prompt). Sample output is

given in Table VI.5b. The initial printout for this case is data about the

slick at the time it has just spread across the entire channel. During this

first 2.09 minutes, the slick is triangular and the leading edge moves down-

stream at a speed equal to UT; see Equation (111.17). After the slick

extends across the entire channel, the spreading is one-dimensional, and the

leading edge is tznsported downstream at a speed equal to a combination of

UT and the gravitatiunal spreading velocity. Further, at the time the

models are switched, the area of the triangular slick is assumed to be in-

stantaneously spread uniformn.ly across the channel width. For these reasons,

there is a small discrepancy at the switch-over time in the position of the

leading edge of the slick. (The discrepancy is not apparent in the printout

because of the long time between the first 2.09 minutes avd the first of the

regular printouts at 15 minutes.) Note that after the discharge stops at 60

minutes, the printout foni changes and the slick moves bodily downstream.
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TABLE VI.4a INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 3

"ENTER THE TITLE FOR THIS RUN..
?DEMO NO. 3

INPUT THE AMBIENT TEirERATURE IN CELSIUS.
? 2e

* -INPUT THE BAROMETRIC PRESSURE IN MILLIBARS
"OR ZERO, O, FOR THE STANDARD SEA LEVEL PRESSURE

"- .* OF 1913.25 MB.

"" 7 INPUT THE TIME INCREMENT IN SECONDS. TRY 1.

INPUT THE DESIRED RUN TIME ..4 MINUTES
7 60.

INPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS,
"?.".E-4
INPUT THICKNESS OF THIN SLICK IN METERS.

.1;.:; 7 .E-4

I WATER BODY DESCRIPTION t

IS SPILL IN RIVER OR CHANNEL? Y/H

IS IT A LAKE? Y4I

"IS IT A CIRCULAR LAKE? YINS?7 y

GIVE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE
"(UNIT METER)

7 29999, 199

"" IS THERE CURRENT? Y/N

IS CURRENT CONSTANT' Y/N

INPUT CONSTANT CURRENT SPEED UCX AND UCY
(UNIT : METER/SEC)

IS THERE WIND IN THE AREA ? YIN

IS WIND SPEED CONSTANT? Y/N

"INPUT WIND SPEED (METER/SEC) AND DIRECTION
ANGLE (DEGREES)
?3.,30

471 INPUT MEAN WAVE HEIGHT.(METER)
DEFAULT VALUE (EQ.(TII.32) OF REPORT) IS USED
BY INPUTTING -1.
-7.5

GIVE SPILL COORDINATES X AND Yt IN METERS
0 ,0

s SPILL TYPE

"WE HAVE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS
1. ALLYL CHLORIDE 2. RENZENE
3. BUTADIENE (1,2) 4. BUTYL ACETATE (ISO)
5. BUTYL MERCAPTAN (N) 6, CHLOROBUTA-1-3-DIEHE

'7. CYCLOHEXANE 8. CYCLOHEXENE



. . ..

TABLE VI.4a (CONTD)

9. DIPROPYL ETHER (ISO) 18. ETHYL CHLORIDE
11. ETHYL MERCAPTAN 12. HEPTANE (N)
13. HEXANE (H) 14. METHYL CYCLOHEXANE15. NONANE (N) 16. OCTANE (H)

17. PENTANE 18. TOLUENE
19. TRIMETHYLBENZENE 20. XYLENE (M)

. ENTER THE NO. YOU WANT OR
NEGATIVE VALUE - IF YOU WANT TO INPUT THE PROPERTIES

99 - IF THE CHEMICAL IS NOT ON THE LIST
-1

ENTER ITS DENSITY IN KG/CU M.
see.

INPUT ITS MOLECULAR WEIGHT IN KG/KG-MOLE.
? 114.32

"*-' ENTER DIFFUSION COEFFICIENT OF VAPOR IN AIR IN SQ M1SEC.
"? 5.8E-6

ENTER DIFFUSION COEFFICIENT OF LIQUID IN WATER IN SO M/SEC.
" 6.38E-9

IS PV (VAPOR) 1. A NUMBER OR 2. A FORMULA?

ENTER CONSTANT PV
.? 1391.74

INPUT THE SOLUBILITY LIMIT OF CHEMICAL IN WATER (KG/CU.M.)
"? .82

INPUT (1) CHEMICAL/AIR INTERFACE TENSION AND
(2) WATER/CHEMICAL INTERFACE TENSION

UNIT : NEWTON/N.
S"? 2.1618E-2

"BAROMETRIC PRESSURE : 1813.250 MILLIBAR

TEMPERATURE 29.988 DEGREES C

CHEMICAL NAME IS:

CHEMICAL DENSITY 889.89 KG/CU.M.

MOLECULAR WEIGHT - 114.320 KG/KG-MOLE

DIFFUSION COEFF (AIR) z .588eeE-05 SQ.M./SEC

DIFFUSIGH COEFF (WATER) - .6389eE-08 SQ.M./SEC

CHEMICAL VAPOR PRESSURE 1391.74 NEWTON/SO.M.

SOLUBILITY IN WATER .e2 KG/CU.M.

THE INTERFACE TENSION WRT AIR IS .2161BE-el NEWTON/M.
THE INTERFACE TENSION WRT WATER IS .50880E-01 NEWTON/M.

THE SPREADING COEFFICIENT IS .3420@E-83 NEWTON/M.

"IS SPILL 1. INSTANTANEOUS OR 2. CONTIMUOUS?
2, 167



TABLE VJ.4a (CONTD)

INPUT THE RATE OF DISCHARGE (CU.M./SEC)
?.0333

INPUT THE TOTAL DURATION OF SPILL IN MINUTES
730.

INPUT THE PRINTOUT TIME STEP IN MINUTES.
? 9
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TABLE VI.4b SAM'PLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 3

* SIPREADIhG WOOEL OUIPUT

THI CK SLI CK HAS SPREI!AD OVER0 AM EL CNGAIE C TR I AFNGLAR ARE A CF .21913!E.O'
SQUARE METERS AFTER A TIME OF .2516iE.OLMINUTES.
THE THICK SLICK LEAOING EDGE IS, .4L7ISEO2 PETERS ol()E AND IS .928e7E0.2 PETERS
00W WS iR1E AN

THE TIO|N SLICK AREA IS EQUAL TO .17i24EO SCUARE PETERS.

TIME * 10.00 1i•UTES .10#3 SECONOS
THICK SLICK AREA - .I5Z.98E#C5 So.4. THICK SLICK TI-ICKNESS ,, °IE E-02 METERS
THICK SLICK OCuNSTREAP wIOTH , .d3)32E.+qZ PETERS

N. THIN SLICK AREA - .2?7t8E*05 $G.A.
THIN SLICK DOwhSTREAP WIUTH • Ll1?'E#.3 PETERS

TOTAL MASS O TH|ICK SLICK .•1377lE+G K(S.

TOTAL EVAPORATED MASS - .•IZOTEoC3 KG.

RATE OF EVAPORATION . .II1bIE--03 KG/iSiC-SC.P.)
TOTAL OISSOLVED PASS - .39q31E-.CO KG.
RATE CF OISSOLuTICA . .460bOE--C6 KGI'SEC-SQo.P.
TOTAL MASS OF THIN SLICK - .171982E.C4 G.

TCTAL PASS - . IPlE*C5(G G.

THE LEAOING ECGF OF THE SLIC4 IS LOCATED At 11 6 .3'"[E,3 PETS-RS ANO
y .* I'S2#jE*U! PE TE as

TI-E TRAILING EDGE OF THE SLICK IS LOCATEO At THE SPILL CRIGIN

STIPE 2 0.oC PINUTES .Lt SECCNCS
THICK SLIC K 4REA - .3Jt3 ,,') •4Q.1.3 THICK SLICK TPICKNESS , .?4 2LE-0 3 14ETERS
THICK SLICK 09NSTRFAN ,+IOT+., - .LOde,*,)3 METERS
THIN SLICK AREA .2'-Z491F-'05 SC.A.

THIN SL ICK DGwNST%?E4 .i:jrm. - .617O%.uv2 PELTERS

**TOTAL PASS OF THICK SLICK - .2 ?IhqE.C' KG.
TOTAL EVAPORATED 4ASS , .LZ0l3E.OPKG.

RATE CF EVAPORATION - . i 161E-CI KG/(SEC-SC.P.I
TOTAL DISSOLVED 4ASS , .28qdqECl KG.
RATE OF DISSOLUTION - .1N4,CSE-C6 KG/ISEC-SC.P.)

TOTAL MASS OF THIN SLICK , .23930E+C4 KG.

TOTAL PASS • .3]92E+C'5 KG.

THE LEA01G ECCE CF THE SLICK IS LOCAIFO AT X C . 1CqZ2E03 AETERS ANO0

y * .kd303E+e)3 PETFRS
T, 1fE TRAILING EDGE CF THE SLICK IS LCCAYEO AT THE MPILL CRfGIN

9,•r1
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TABLE VI.4b (CONTD)

* ' TIPE - 30.00 PINUTES .1bd SECONDS
THICK SLICK AREA • .b6465E-(O SQ.M. THICK SLICK TPICxNeSS 7 36446-03 METE S

* % TMICK SLICK OCwNSTkEA RI~TH .L21OCE-03 PETERS
THIN SLICK AREA - .3R2610IO0 SO.;.
THIN SLICK OCwhSTREAP .41CT11 .- 5r2E*02 PETERS

T ACAL PASS CF THICK SLICK - .3qt5jE.C5 KG.
TCTAL EVAPGOATEO -ASS .5 ?302E.C4 KG.
RATE CF EVAPORATION . 116 L k- C 3 KCIISFC-.SC.P.)
TOTAL CISSOLVEO PASS * ,17q9QEkoj KG.
RATE CF OISSOLITICNSS .LNECF-Cb KC/ISEC-SC.P.)

* 4-- TOTAL PASS OF THIN. SLICK .3C6CbE.C4 KG.

'.*( TOTAL PASS " .'7q5, E.C5 XG.

THE LEADING EDGE CF THE SLICK IS LOCATED AT X - ,IC638Ed.04 METERS ANc
YV .27-53E-03 PETFRS

To-f TRAILING EOGE OF THE SLICK IS LOCATED AT THE SPILL CRIGIN

TIIE * NOOG PINUTE" .168 SECýNOS
THICK SLICK AqEA - .639 3SE C5 SC.P. THICK SLICK TI-ICKNESS - .6AISRE-O3 "ETERS
THICK SLICK RADIUS - ,I4255E*C3 METE S

TOTAL PASS OI THICK SLICK - . 3-7T7E :5 KG.
TOTAL EVAPORATED PASS . .IO0IE*Cis KG.
RATE JF EVAPORATION - .111A1E-0J K(/ISEC-SC.P.)

TOTAL OISSOLVFO PASS - .13213E*C2 KG.
RATE OF DISSOLUTION .&144OE-(6 XG/(SEC-S.p.I

TCTAL PASS .44e•6E.C5 KG.

"T"TE CENTER CF THE SLICK IS LOCATEC AT X - ,1C6?7E.C4 METERS AND y ,274.52E*.3 PE1ERS

.1

S " TIME - 0.00 MINUTES .1ie SECONOS
STHICK SLICK AREA - *607NqE.0 SO.M. THICK SLICK THICKNESS - .6297E-03 METERS

THICK SLICK RADIUS - .13qO9E-03 PETERS

TOTAL MASS OF THICK SLICK - .306O0E#05 KG.

TOTAL EVAPORATED PASS . .4?2OE.C5 KG.
RATE OF EVAPORATION - ,IIIbIE-C3 KG/(SEC-SQ.P.I

-..

TOTAL DISSOLVED MASS - ,18eteE.Z KG.
AlTE OF OISSOLUTICN - .IeO8E-Ct KG/ISEC-SQ.p.)

"TOTAL PASS - .NU19E.oc KG.

THE CENYT• OF THE SLICK IS LCCATEO AT I - ,INIRTE*C PETERS AND T - .3R5C2EEC3 PEIOES

TIME A 6C.O0 PINUTES .168 SECONDS
THICK SLICK AREA - . 57?IEO, QSOP•T THICK SLICK THICKNESS .58163E-03 PETERS
THICK SLICK RADIUS - . 13502E+03 METERS

TOTAL MASS OF THICK SLICK - .26e64f#01 KG.
Z TOTAL EVAPORATED PASS . .182253•.5 KG.

09ATE CF EVAPORATICh - .IIbI•E-C3 KG/ISEC-S,)..I
TOTAL DISSOLVED PASS . .23851E.C2 KG.
RATE OF DISSOLUTION - .L bO8E-Cb KG/ISEC-SO.P.)

TOTAL PASS - .48q6f.O, KC.

* THE CENTER OF THE SLICK IS LOCATEC AT x - .17TTqE.CN PETERS AND Y - .4575?E*03 MECERS
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TABLE VI.5a INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 4

ENTER THE TITLE FOR THIS RUN..
? DEMO NO. 4

INPUT THE AMBIENT TEMPERATURE IN CELSIUS.
7 20

INPUT THE BAROMETRIC PRESSUkZ IN MILLIBARS
OR ZERO, 9, FOR THE STANDARD SEA LEVEL PRESSURE
"OF 1813.25 MB.

INPUT THE TIME INCREMENT IN SECONDS.' TRY 1.8.7 1.
INPUT THE DESIRED RUN TIME IN MINUTES

7 129.
INPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS.
? 1.E-4

INPUT THICKNESS OF THIN SLICK IN METERS.
r.,? I.E-4

"WATER BODY DESCRIPTION

IS SPILL IN RIVER OR CHANNEL? Y/N

GIVE THE WIDTH AND DEPTH OF THE CHANNEL (IN METERS)

INPUT THE BOTTOM ROUGHNESS(METERS) OF THE CHANNEL.INPUT ZERO, 8 IF YOU WANT TO USE THE DEFAULT VALUE.

IS THERE CURRENT IN THE CHANNEL? Y/N

IS IT TIDAL CURREN(? Y/N?

CURRENT SPEED MUST BE CONSTANT.
INPUT CURRENT SPEED METER/SEC

1 1.

IS THERE WIND IN THE AREA ? Y/N
Y

"IS WIND SPEED CONSTANT? Y/N

INPUT kIND SPEED (METER/SEC) AND DIRECTION
S.- ANGLE (DEGREES).:•. ? 3.,135.

" SPILL TYPE s

"WE HAVE STANDPRD PROPERTIES FOR 1NE FOLLOWING CHEMICALS1I. ALLYL CHLORIDE 2. BENZENE3. BUTADIENE (i,2) 4. BUTYL ACETATE (ISO)

... :5. BUTYL MERCAPTAN (N) 6. CMLCROBUTA-1-3-DIENE7. CYCLOHEXANE 8. CYCLOEEXENE
9. DIPROPYL ETHER (ISO) 18. ETHYL CHLORIDE

!1. ETHYL MERCAPTAN 12. HEPTANE (N)
13. HEXANE (N) 14. METHYL CYCLOHEXANE
15. NOHANE (H) 16. OCTANE (N)
17. PEHTANE 19. TOLUENE
19. TRIMETHYLBENZEHE 28. XYLENE (M)

ENTER THE NO. YOU WANT OR
NEGATIVE VALUE - IF YOU WANT TO INPUT THE PROPERTIES

16 99 - IF THE CHEMICAL IS NOT ON THE LIST
S1 16 171



.'-.,. - -

TABLE VI.5a (COrITD)

V'BAROMETRIC PRESSURE 1613.258 MILLIBAR

TEMPERATURE 20.e8e DEGREES C

CHEMICAL NAME IS: OCTANE (H)

CHEMICAL DENSITY 783.88 KG!CU.M.

MOLECULAR WEIGHT 114.232 KG/KG-MOLE

DIFFUSION COEFF (AIR) = .5880eE-85 SQ.M./SEC

SDIFFUSION COEFF (WATER) = .638OeE-89 SQ.M./SEC

CHEMICAL VAPOR PRESSURE = 1391.74 NEWTON/SQ.M.

J-. SOLUBILITY IN WATER .82 KG/CU.M.

"THE INTERFACE TEHSIGH WRT AIR IS .21618E-el NEWTON/M.
THE INTERFACE TENSION WRT WATER IS .5e888E-01 NEWTON/M.

THE SPREADING COEFFICIENT IS .3418eE-e3 NEWTON/M.

IS SPILL 1. INSTANTANEOUS OR 2. CONTINUOUS?

INPUT THE RATE OF DISCHARGE (CU.M./SEC)

INPUT THE TOTAL DURATION OF SPILL IN MINUTES
? 6e.

"INPUT THE PRINTOUT TIME STEP IN MINUTES.
7 15.
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TAB1E VI.5b SAMPLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 4

* I SPWIAG•Ip( M'ODEL OUTPUT

1041CK SLICK HAS SPREACr ACROSS THE C-ANEL ,,IOT- AC CCVERS At, AREA CF .2o075E*O',
SQUARE PETERS AFTER A TI E OF .. O938EOI wINuTES.

* . IHE SLICK LEACING ECGE IS .llt30E*03 PETERS COWNSTREAE.

TIPE - 15.00 MINU TES .62b SECONOS

THICK SLICK AREA -. C2949E'#05 SO.M. N1ICK SLICK THICKNESS- .13165E-02 METERS

THIN SLICK AR A - .2325E.*0'5SC.M.

TOTAL , OF ,HICK SLICK - .58a29E.C5 KG.

TOTAL EVAPORATEýC MASS - .34OE25f04 KG.

RATE CF EVAPORA4TIC, - .136O•4E-C3 KC/(SEC-SC.P.)

TOTAL CISSOLVED; MASS . .16qq9E.C2 KG.

RATE OF DISSOLU;TION - .etqeb-Ob KcGISEC-Sc.P.I

TOTAL KASS OF T'IN SLICK •- .16355f#04 KC.

TOTAL MASS 6 3 .633IEf C5 KG.

THE LEADING EDGE OF THE SLICK IS LOCATED AT x * .125qOE.O',•PETERS

THE TRAILING EDGE OF THE SLICK IS LOCATED AT X -0. METERS

- TIME - 30.00 MINLTES .h26 SECONDS
THICK SLICK AREA - .13I81E,,Ot SO.M. THICK SLICK THICKNESS - .11538E-O2 METERS

tHIN SLICK AREA - .2)ZTIE*O5SS.P.

TOTAL PASS OF THICK SLICK . 10935kE'O4 KG,.

TGTAL EVAPORATED MASS - .15524E.Gs KG.

RATE OF EVAPORATION - .136OA4-O3 KG/ISEC-SC.P.)

TOTAL CISSOLVEG ; MASS . . 7756,E.-0 KG.

RATE OF OISSOLLTIDN . .67966E-06 KGIMSEC-S0.0.I

TOTAL PASS OF THIIN SLICK •. It39qE.C-% KG.

TOTAL PASS - .265BE-OB KG.

THE LEADING LCCEG F TO-E SLICK IS LOCAIED &I X . 1e962E.O4METERS

THE TRAILING ELGE OF THF SLICK IS LOCATED AT 0 0. METERS

TIPE - et0.01, PINhutiS .b2 SFCCNOS
THICK SLICK AKRE A .269q9Z ('O" SZ... 1-1ICK SLIC" r, [CKNES " .qrqt2--,)3 "ETERS

"THIN SLICW AREA " .- j2•AE"O•SC..

TOTAL MASS OF THICK SLICK .I P4E ,Ct• KG.

TOTAL EvAPORATEC I-ASS .5 -)h7(.05 KG.

SRATE CF EVAPORATICN . * lý(t,4[-C) KC/(SEC"Sc.p.I

"TOTAL DISSOLVED MASS . . hhf-C) KG.

RATE OF OISSOLUT[CN .. 1,196ht-Gh KG/ISEC'S.0P.I

TOTAL MASS OF f THlh ;LICK ' .1 6 3h I .04 G ((,.

"TOTAL 04ASS - ./' II/•.O) "-.

THE LEADING [00 :Uf rHE SLICK IS LI)CATF) AT - . S )98 E o f, IE R IS

TilE TWAIL INC -OC WIi- THE SLICK IS LI'LArF;) Al • 0. ETIERS
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TABLE VI.5b (CONTD)

~2* TPE 115.0c MINUTES biTh SECCN.CS

THICK SLICK AREA * Z40E0 S~J.M. T-I1CK SLICK( rt-ICJ(%kSS *.-l?'1/l.E-C3 IqrrrRS

TOTAL MASS CF THICK SLICK -. 1518M'E.Ct ~G
TOTAL EVAPORA TED M~ASS I 150E #C' <c

*-RATE (IF EVAPORATICN .1*3f:U4E-C3 KCIIShC-5L'.P.)
*TOTAL DISSOLVED MAS5S . 4d'JidE.C3 < t.

RATE CF OISSOLUTIUNh KG/(StC-SO.l.)

p TOTAL PASS * ýiECt<.

*WE oCL f SLI.ICI HA S U WE 0 35 3 2 4E #PE TER S
iI-E JDANSTPEAP kgQCE CF THE SLICK 1S AT obl t2 qF 0 4 PE TES AND THE LPSTQEA- EOCE IS AT

*iO~1E.O~POTERS
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Input for Case No. 5, a continuous spill in an irregularly-shaped

lake with a current that is a function of both position and time, is shown

in Table VI.6a. Figure VI.l shows the lake graphicallyus well as the

currents in the 3x 3 grid at the instant the spill occurs. As shown in

Table VI.6a, the shape of the lake is specified (beginning at the twelvth

prompt) by ten pairs of x,y coordinates. The coordinates should be input

in counterclockwise order, starting with the point having the smallest

x-coordinate. (An arbitrarily-shaped coast should also be input starting

. - with the smallest x-coordinate.) The x-coordinates of the current grids

K, are input as a group, starting with the smallest value (which must equal

"the smallest x-coordinate of the lake) and ending with the largest value

(which must equal the largest x-coordinate of the lake). Likewise, the
y-coordinates of the grid are input as a group, and the largest and smallest

-:. coordinates must satisfy similar conditions. Next, the x and y compo-

nents of the current in each of the nine boxes of the grid are input.

Since the current has been specified as a function of time in the input,

the x and y components must be input ten times, one for each of the ten

"instants of time that are input after the currents are given. The smallest

,•*time value must be zero, and the largest must be at least as large as the

run time. Sample output is shown in Table VI.6b. When the leading edge of

the slick moves from grid to grid, the transport velocity varies and the

slick will be predicted to bend and kink. (In this example, the co:,tinuous

spill ends before the leading edge moves out of the original grid.) Al-

though the correct value of UT is used to compute the incremental change

in the position of the leading edge during the next integration time step

(Equation (111.38)), the shape of the entire slick behind the ieading edge

* °is not adjusted to account for the new value of the time-varying current;

'" that is, when the current varies in time, the position of the entire slick

is not updated, only the leading edge is. Otherwise, the calculations are

similar to a case when the current is constant.

k17
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TABLE VI.6a INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 5

ENTER THE TITLE FOR THIS RUN..

DEMO NO. 3
INPUT THE AMBIENT TEMPERATURE IN CELSIUS.
20
INPUT THE BAROMETRIC PRESSURE IN MILLIBARS
OR ZERO, 9, FOR THE STANDARD SEA LEVEL PRESSURE
OF 1913.25 MB.

? e
INPUT THE TIME INCREMENT IN SECONDS. TRY 1.8.

? 1.
INPUT THE DESIRED RUN TIME IN MINUTES?248.
INPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS.

?l.E-4
INPUT THICKNESS OF THIN SLICK IN METERS.
I.E-4

* WATER BODY DESCRIPTION *

IS SPILL IN RIVER OR CHANNEL? YIN
?N

IS IT A LAKE? Y/H?Y

IS IT A CIRCULAR LAKE? Y/N
?N

IS IT A RECTANGULAR LAKE? Y/N

THE SPILL IS IN A LAKE WITH ARBITRARY SHAPE.
DESCRIBE THE SHAPE WITH 1 PAIRS OF X,Y COORDINATES (METERS). (8,8) SHOUL
D BE HEAR THE SPILL SITE.? -4589.,0.

? -35ee,-39ee.
* ? 4-8ie.,-4O00.?e.,-5eee.

?2eeg.,-4e@8.

? 5@65.,58e.
? 48ee.,2eee.

189eee.,35ee.
7 -38ee.,3ee8.

x Y
I -. 45eegE+04 8.
2 -. 35@e8E+e4 -. 3eeefEfe4
3 -. e18eeE+04 -. 4ee0eE+e4
4 e. . 5e38eE+e4
5 .2eeeeE+e4 -,4eeeeE+e4

' 6 .49e9OE+e4 -. 2e90eE+04
7 .588eeE+e4 .580e8E+03
8 .48ee9E+e4 .7•'AE+@4
"9 i.oeoeE+e4 .3 ltZ+04
10 -. 38eoeE+84 3 'IE+84

.JHPUT WATER DEPTH
? lee
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TABLE Vl.6a (CONTD)

"IS THERE CURRENT? Y"N
JY

IS CURRENT CONSTANT? Y/N
'N

IS CURRENT A FUNCTION OF TIME ? Y/N

IS CURRENT A FUNCTION OF TIME ONLY ? Y/N

IF A LAKE, THE XY CURRENT MUST BE GIUEN AT CENTER
. OF 9 RECTANGULAR BOXES (3X3 GRID) THAT COUER LAKE.

IF A COAST, THE XY CURRENT MUST BE GIUEN FOR THE
9 Y-SLICES THAT EXTEND OUT FROM THE 18 XY POINTS DESCRIBIHN THE COAS

.*T.

"GIVE THE 4 X-COORDINATES (METERS) THAT SPECIFY
"THE HORIZONTAL GRID. THE FIRST AND LAST MUSTN' :COINCIDE WITH THE LENGTH OF THE LAKE.

? -4588.
?-2088.-.' " 2888.

i'- ? 5800.

NOW GIVE THE 4 Y-COORDINATES (METERS).
THE FIRST AND LAST MUST COINCIDE WITH THE WIDTH OF THE LAKE.

? -Sege.
- -2508.? lose.
? 35e0.

INPUT UX AND UY CURRENTS(M/SEC) FOR EACH OF THE 9
BOXES OR SLICES. BOXES ARE NUMBERED LEFT-TO-RIGHT
192,3 IN BOTTOM ROW, 4,5,6 IN MIDDLE ROW, AND 7,8,9
IN TOP ROW. SLI(:ES FOR A COAST ARE NUMBERED I TO 9,
LEFT-TO-RIGHT. IF THE CURRENTS ALSO DEPEND ON TIME,
YOU WILL BE ASKED FOR 18 SUCH SETS OF CURRENTS.

CURRENTS FOR HUMBER I TIME., "• ? 9. l,-8. 1

?8.2,8.
? 8.1,8.1

'• ? 9.95,-9.15
.? 8.85, 0.

- 8.05,U.15
'• ?* -e. 2,8.

CURRENTS FOR HUMBER 2 TIME.
* 8.15,-e.15

8.3,8.
*• ". ? 8.15,0.15

? 8.875,8.
- ? 8.875,8.225

' ': ? -e.15,-e.15
-8.3,8.

"? -0.15,0.15
CURRENTS FOR NUMBER 3 TIME.""? 0.2,-0.2

"8.4.e.
pi ?0.2;e.2

-- ." I -9.3

9.1,8.3
• -e.2,-e.2
? -0.4,8.
? -0.2,0.2 177
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TABLE VI.6a (CONTD)

CURRENTS FOR NUMBER 4 TIME.
7 8.15,-e.15
7 S.3,0.
7 9.15,8.15
? 9.875,-8.225? 6.975,9.
? 8.975,8.225
? -(1.15, -e.15
? -9.3,9.
? -0.15,8.15

CURRENTS FOR NUMBER 5 TIME.
7 9.9,-8e.1
? 9.2,9.
7 9.1,9.1
? 9. 1 ,e. 15
7 8.95,-0.15

e.esle.
S8.85,98.15

7 -8.1,-9.1.
" -6.2,0.g 7 -0.1,6.1

CURRENTS FOR NUMBER 6 TIME.
. ? 6.1,-9.1

7 6.2,9.
7 9.1,8.1

"" e.85,-e.15" •7 9.85,8.

S8.085,9.15

S? -e.2,9.
? -8.1,8.1

CURRENTS FOR HUMBER 7 TIME.
% ~? 9.1,-8. 1

? 9.2,9.

7 -. 1,-8.1S? e.55,-e.1

7 -8.2,9.Ii 7 -9.1,8.1

CURRENTS FOR HUIER 8 TIME.
,? 9.,-e.i
? 9.2,9.S? 9. 1,9.1

9 8.85,-e.15
4 ? 8.85,8.

7 8.85,-.15
7 -9.1,-8.1
? -9.2,e.
S-0.1,. .1

CURRENTS FOR NUJMBER 9 TIME.
7 8.1t,-9.1l

0 8.2,0.
? 8.1,9.1
"9 .95,-e.15

7 8.85,8.
7 8.95,8.15

'? -8.2,8.S~ ? -8.1,8.1

SCURRENTS FOR HUMBER 18 TINE.

", ?' 8.2,8.
" ? 8.1,8.1
S": O. 05,-8.15

.• ? 8.85,8.
S?' 8.85,8.15
I? -8.1,-8.1 178
-. ? -8.2,8.

"• -8. 1,8.1I



TABLL vi.6a (CONTD)

NOW GIUE THE TEN TIME INSTANTS IN MINUTES.
76.? 30.

? 1 'e.? 149.
7 160.

?240.

TIME- 6. NZNUrES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 6 7 89

Ux .16 .20 .16 .65 .65 .85 -.18 -. 28
.16

UY -.10 6.66 .16 -.15 8.66 .15 -. 16 o.ee
.16

TIME= .30600E+92 MINUTES

UX(K/SEC) AND UY(M,'SEC) IN THE NINE BOXES OR SLICES.
9 1 2 3 4 5 6 7 89

UX .15 .36 .15 .8 .8 . .e8 -.13 -. 38
.15

UY -. 15 6.80 .15 -. 23 8.88 .23 -. 15 e.oe
.15

TIME- .609e0E+02 MINUTES

1UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 6 7 8

9
UX .20 .46 .26 .18 .16 .16 -. 26 -. 4 -

.26
UY -. 26 6.66 .23 -. 36 6.66 .30 -. 26 8.60
.26

TIMEw .90B6E+62 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 3 7 89

UX .15 .38 .15 .s8 .6• .98 -. 15 -. 39
.15

UJY -. 15 6.Q *O .5 -. 23 6.8f' .23 -. 15 8.890

TIME" .18000E+93 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE 4IRE BOXES OR SLICES.
1 2 3 4 5 6 7 a9

UX .16 .29 .1 .85 .65 .85 -. 18 -. 20.10
UY -.16 8.86 .19 -. 15 6.66 .15 -.18 8.88
.16

TIME- .1298eE+03 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 6 7 8

9
UX .20 .18 .05 .65 .05 -. 1t -. 29

.16
UY -.16 0.66 .19 -.15 8.80 .15 -. r6 6.88

.16 179



TABLE VI.6a (CONTD)
TIME& .14006E+03 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.9 1 3 4 5 6 7 89
UX .18 .20 .18 .85 .e5 .5 -. 18 -. 28

UY -. 16 6.88 .18 -. 15 e.00 .15 -.18 8.8e.10

TIME- .16888eE+3 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 6 7 89

UX .10 .2e .10 .05 .85 .85 -. 18 -. 28.19
UY -. 19 8.8e .18 -. 15 9.98 .15 -.18 8.ee
.16

TIME- .2eee8E+03 MINUTES

UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
1 2 3 4 5 6 7 8

Ux .18 .28 .18 .85 .85 .65 -. 18 -. 2e.18

UY -. 1l 6.60 .10 -. 15 9.0 .15 -. 18 8.98

TIME- .240egE.83 MINUTES

UX(M/SEC) AND UY(MSEC) IN THE MINE BOXES OR SLICES.
! 2 3 4 5 6 7 89

UX .18 .29 .18 .85 .85 .95 -. 18 -. 28
.1e

UY -. 18 8.e8 .18 -. 15 8.0e .15 -. 18 9.8e.1e

IS THERE WIHN) IN THE AREA 7 Y/M

IS MIND SPEED CONSTANT? Y/N

INPUT MIND SPEED (METER/SEC) AND DIRECTION
ANGLE (DEGREES)

? 2.8,15

INPUT MEAN WA'E HEIGHT.(METER)
DEFAULT VALUE (EQ.(III.3Z) OF REPORT) IS USEDBY INPUTTING -1.

7.5

GIVE SPILL COORDINATfS X AND Yo IN PETERS'8,8
4HAT BOX (LAKE) OR SLICE (COAST) DOES THE SPILL ORIGIH LIE IN'

121

t SPILL TYPE s

WE HAVE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS
I. ALLYL CHLORIDE 2. BENZENE
3. BUTADIEHE (1,2) 4. BUTYL ACETATE' (ISO)
5. BUTYL MERCAPTAN (H) 6. CHLOPOBUTA-1-3-DIEHE
7. CYCLOHEXANE B. CYCLOHEXEHE
9. DIPROPYL ETHER (ISO) 19. ETHYL CHLORIDE

11. ETHYL MERCAPTAN 12. HEPTANE (N)
180



TABLE VI.6a (COrNTD)

13. NEXANE (N) 14. METHYL CYCLOHEXANE
15. NONANE (H) 16. OCTANE <H)
17. PENTAHE 18. TOLUENE
19. TRIMETHYLSEHZENE 20. XYLENE (M)

ENTER THE HO. YOU WANT OR
NEGATIUE UALUE - IF YOU WANT TO INPUT THE PROPERTIES

99 - IF THE CHEMICAL IS NOT OH THE LIST
' 16

BAROMETRIC PRESSURE : 1613.250 MILLIBAR

TEMPERATURE : 29.600 DEGREES C

CHEMICAL NAME IS: OCTANE (N)

CHEMICAL DENSITY - 703.00 KG/CU.M.

MOLECULAR WEIGHT * 114.232 KG/KGNMOLE

DIFFUSION COEFF (AIR) a .3890SE-05 SQ.M./SEC

DIFFUSION COEFF (WATER) a .6380@E-09 SQ.M./SEC

CHEMICAL VAPOR PRESSURE x 1391.74 NEHTON/SQ.M.

SOLUBILITY IN WATER a .02 KG/CU.M.

THE INTERFACE TENSION NRT AIR IS .21618E-S1 NEWTON/N.
THE INTERFACE TENSION WRT WATER IS .5099@E-81 HEWTON/M.

THE SPREADING COEFFICIENT IS .34190E-03 NEWTON/M.

IS SPILL 1. INSTANTANEOUS OR 2. CONTINUOUS?
? 2

INPUT THE RATE OF DISCP4H ,E (CU.N./SEC)

INPUT THE TOTAL DURATION OF SPILL IN MINUTES
? 60

INPUT THE PRINTOUT TIME STEP IN MINUTES.
? 15
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x = 4500 -2000 2000 5000
y 3500 r - T - - F 7 ............. .".....-7 7-"1 -7 -

-*- I I
1000 O.IYO

® If

0.05 SPILL-0

S0.05

-2500 0 . 0

o5000 L I0 1
NOTE: Currents are given in Meter/Second

Figurre VI1. Irregularly-Shaped Lake and Current
Grid at t 0
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TABLE VI.6b SAMPLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 5

* SPOAOJNG NOOkL OUTPUT

PIiCX SLICK HAý SPREAC CVEA? AN ELC-4CA7EC TR IA.G~JLAR AREA CF *.44As?If*O40
SOUAEE PETERS AFTER A JAE OIF ht~j4E#OJPEmUJES.
THE TPICK SLICK LEACING ECIGE IS .1. 1kq/If-)3 PUER IF c it NC Aoc Is 5 .¶22E Z -E TF Q
OOWNS IiEAi4.

THE TO'IN SLICK AR~EA IS E.J4,AL (0 -1 0$)& i.05, SCLA4 E OFIE(ERS.

T IME - 15. 00 m INUTES .4,A5 SECONDS
THICK SLICK AREA - *I7O4iE#0t SO.M. THICK SLICW rg-IC94ESS -. 23ft30E-02 14ITEPS
THICK SLICK DOONSTREAX #10~tl- I~lEo pETERS

THIN SLICK AREA * 3iAe. S'.P.
TH:1t SLICK DOONNSTREA0 WIOti - :6041CE-03 PETERS

TOTAL PASS Of THICK SLICK o j2ejqqEoCj (G.
TOTAL EVAPORATED -ASS . .5O15ZE.O3 KG.
RATE OF EVAPORATICh . gq~eboE_04* G/ESECSg.P.J
TOTAL DISSOLVED PASS * - .*Ib9E#CO KG.
RATE Or OISSOLtUTICN . .252?]E-C ?. KG/(SEC-SC.P.I
TOTAL 04ASS OF THIN SL IC9 .2 z1I6E.c&4 KG.

TOTAL MASS . .JIOSJE#C5 Kc.

TOE LEACIftG ECCE CF THE- SL ICK IS LOCATEO AT X - .1 lOef'O I PETERS ANG
y It )LeI4E.QZ PETERS

TOE N~AIL INC EErCF CF 11-f SL ICA 1S LCCAtFD AT TP.% SP ILL CRIGIN

TIME - 60.0O MINUTES .481 SECONDS
THICK SLICK AREA - .11369F*Oe sa.m. TI'mICK SLI CKo TH ICKMESS t *3 392E -1 ME TERaS
THICK SLICK DOWNSTREAM .10TH - .43428E#03 PETERS
TO'I F SLICK AREA - .513215E*05 SQ*.q
THIN SLICE OOW4STAFAP WIOTP - .224906E.3 PETERS

TCTAL PASS OF THICK SLICK - .AOOIE*Cb 9G.
TOTAL EVAPORATFD PASS . *I ! 31E. #C Kc.
RATE CF E'VAPORATION . fi~qr6F-C4 KCIESEC-SC.P.?
TOTAL DISSOLVED PASS . .435VIE.O1 KG.
RATE OF DISSOLUTION . .24833E-C7 vEC/ISfCSC.P.j
TOTAL MASS OF THIN SLICE . l~oqjzF.oA XC .

TOTAL PASS .12056E.Cb XG.

*THE LEADING EDGE OF THE SL ICK IS LOCATED At X 0 .51155.O03 PETERS ANC
Y 0 .6i231E#02 PETERS

TllF TRAILING EDGE OF Tt'E SLICE 1S LOCATED it THE SPELL CRIGIN

T IME * 75.00 MINUTES .,8 5ECONOS
THICK SLICK AREA o .10489F#06 5a.m. THICK SLICK THICKNESS. .12827f-02 METERS

TOTAL MASS Of THICK SLICK - .98i9oEOC5 KG.
TOTAL EVAPORATED MASS . .241b?EOC5 KG.
RATE OF EVAPORATION . .48670E-CN lKc/fSEC-50.0.I
TOTAL DISSOLVED MASS . .644517E001 KC.
RATE OF DISSOLUTION . .24979E-C7 KG/ISEC-SO.P.)

TOTAL PASS *.1114hFOEC6 KG.

THE CENTER OF THE SLICK( IS LICArEO AT x - .486qlfoC3 PETERS AND y .5QP7IE .02 PP TERS
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TABLE VI.6b (CONITo)

rIqF ?1s'5.0C MINUTES .4A) SECONDS
THICK SLICK ARiEA I .60080E#05 S.M. ýTHICX SLICK TPICXNESS *.70?71E-03 PETERS

TOTAL PASS CF THICK SLICK - .2rv891E*C5 KG.
TOTAL. EVAPORATED PASS . .9254?F.C5 KG.
RATE CF EVAPOINATICH - .8995i4E-OA KG/4SEC-SC.P.)
TOTAL DISSOL'VED MASS . .26I44E*02 KG.
RATE OF DISSOLUTICK . .254lqE-C7 KG/(SEC-SQ.P.1

ICTAL PASS . .122ý%6fCb KC.

* TM CENERIF T15LIKI LOCATED AT X .15811E*O14 METERS AND Y . 22285E403 METEPS

THICK SLC AR.OMILEA *48.SCCN THICK SLICK THICKNESS - .- )oilE-03 METERS

%TOTAL PASS OF T"ICK SLI CK - -25224E+CS KGC.
%TGTA-. EVAPO.iATED PASS . .97Z13E.C! KG.
*RATE CF EVAPCRATIGN . .89q54E-CA KC/ISEC-sc.p.)

TOTAL CISSOLVEC PASS . .27?p6ZE.C2 KC.
b4ATt CF OISSOLUTICP. . *25419E-C? KC/IEC-SC.P.)

* ~TOTAL MASS .!~tEC KG.

Tp-E CENTEFR OF ToHE SLILK 1S LUCATEO AT x - Itstqf*C4 METERS .N 2391tE.C3 MlETERS
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VII. CONCLUSIONS AND RECOMMENDATIONS

The models of spreading, evaporation, dissolution, and movement for

spills of buoyant, insoluble chemicals have been completely reformulated

and now cover nearly every practical combination of chemical thermophysical

properties, discharge rate, total volume spilled, and type of waterway.

Eight experimentally-verified models are now available that can be used to'

assess the hazards of a floating chemical slick from an accidental tank

rupture: (1) continuous or (2) instantaneous spills in a steady river;

(3) continuous or (4) instantaneous spills in a tidal river; (5) continuous

or (6) instantaneous spills in a circular, rectangular, or irregularly-

shaped (user-specified) lake; and (7) continuous or (8) instantaneous spills

near a straight or irregula'rly-shaped (user-specified) coast. The wind can

be specified as constant or time-varying for all the models, and the. cur-

rents for the lake and coastal models can be specified as a function of

position as well as of time.

The spreading and movement nodels were adapted from the best state-

of-the-art models available. None of the spreading models in the literature

accounted for a loss of mass, as would be caused by evaporation of dissolu-

tion, and so, the available models had to be modified to include this effect

in a realistic way. The final form of the models concentrate on predicting

the dynamics of the "gravity-viscous" or "thick slick" phase of the spread-

ing since that phase represents the greatest and most prolonged hazard.

The initial, short-duration "gravity-inertial" phase of spreading is in-

cluded primarily to provide the initial conditions for the gravity-viscous

phase. Likewise, the surface tension-viscous or "thin slick" phase of the

spreading is included primarily as a small loss-of-mass term in the thick

slick equations; evaporation and dissolution from the thin slick are neg-

lected as being very small.

The models for the rate of mass-transfer due to evaporation and disso-

lution were developed from boundary layer theory and realistically ,JBcount

for the effects of winds and currents. It is recognized that a boundary

layer model may not predict all the dissolution proces'.es of flrna tirnt, in-

soluhble chemicals when significant waves are present, hut better model,, are

not yet availalble.
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Large scale instantaneous and continuous spills of a variety of chem-

icals were used to establish the empirical constants in the spreadinq models.

The spills, organized in accordance with the Test Plan approved by the USCG,

were conducted in two facilities-a large outdoor basin, in which spreading

could be investigated in water without a current, and an indoor channel, in

which spreading in a current could be investigated. Some of the outdoor

spills employed volatile chemicals in order to assess the effects of evapo-

ration on spreading. An environmental wind tunnel and a wind-wave tunnel

were used to investigate evaporation and dissolution in detail. A variety

of different volatile chemicals were employed, and the tests were conducted

for many wind speeds and wave characteristics. The predictions of the

spreading, evaporation, and dissolution models were then compared to results
of tests covering a wide range of conditions of discharge rate, volume

spilled, winds, currents, and chemical properties. In all cases, a generally

close comparison was found with the test results.

Although the revised models for the spreading, evaporation, dissolu-

tion, and movement of floating, insoluble chemicals are now suitable for the
Hazard Assessment Computer System, the models could still be extended in

several ways. Chemicals of moderate (but low) solubility could be included

by further development of the dissolution model to incorporate such nas!

transfer processes as droplet entrainment by waves; this extension would re-

quire additional wind-wave tunnel experiments to acquire the necessary

physical insight and data. The continuous-discharge spreading model could

be improved by further analysis and testing to make it applicable to condi-

tions of very low transport velocity (e.g., wind without current). All the

spreading medels could be modified to incorporate the anomalous behavior
(e.g., lens formation and slick breakup) observed for some chemicals for

some spill conditions. Finally, the long-term movement and potential

breakup of the slick in open watpr could also be included in the model by

further research.
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Appendix A

PHYSICAL PRCPER=TXS 02 M CALS

A.1 Introduction

Some of the chemical pruiersies for spills on water of slightly soluble
chemicals with a specific 1ravit7 of less than one were included in the revised
HACS computer model. Several of these properties, molecuilar diffusivity for
example, were not in the previous HACS model. This appendix describes the
models.of these physical properties. Tables A.l through A.4 contain numerical
values of various physical properties and :heir relevant costants for twenty
chemicals of interest. The list was expanded to include the seven chemicals
in Tables A..5 through A.7; however, this latter list has not been added to
the computer code. The physical properties of air and water have also been
modeled, but they are not listed in the tables.

Five of the chemicals in Table A.1, butadiane (1,2), c.hlorobuua-l,
3-diaez (2). cyclohexene, methyl cyclohexane, and trimetnylbenzene (1,2,3,
are not -' RACS. wo of these che'micals have bol-ing points less than 20 C.
Butadiene (1,2) and eathyl chloride have boiling ooints of 10.3 and 12.2 0 C,
respectively. BMuadiene (1,2) should not b* cov used with butadiene (1,3),
BACS zode BDI, which bas the same atomic weight jut a boiling point of -4.4 0 C.

A. 2 Dons. _ t,

The density of the chemicals in FACS is a linear function of tempera-
ture from Potts (A.1)

0 , ao 4- a1 t A 1

where o is the densit7 in gm/c=3, t Ir the temperature in OC, and a,,,
and &l are constants. Since all chemicals are not in HACS, another model
for densirl was sel•ited. Reid, et al. (A.2] recommend thi following formula
from Yamada and Gunn [A.3].

Po zt A.(2a)

- (-To/T) 2 7 - (1-T/T) 2 /7  A.(2b)

z - 0.29056 - 0.08775 W A. (2c)

where on is the reference density at temperature To in OK, Tc in the
critical temperature in OK, hnd w is the Pitzer acentric factor. The neces-
sary c'onstants for the calculation of density are tabulated in Tables A.1 and
A.5. From [A.2], the Pitzer acentric factor is defined as

W- -log (p/Pc)- A.(3)
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where PC is the critical pressure and Pv is the vapor pressure at
T - 0.7 Tc. Values of w have been compiled by Raid, et al., but those
that are not available can be astimated from Eq. A. (3). Critical temperature
and pressure are tabulated by Dean [A.4] and Reid, at al. [A.2].

Equations A. (2) are valid over & wider temperature range than the linear
approzimation of Eq. A.(l). A derailed analysis of the density data has not
been done, but spot checks indicate that Eq. A. (1) is accurate within the
range of temperatures likely to be encountercd in the environamc.n. For
example, the difference in density for benzene for Eqs. A.(l) and A.(2) is less
than 0.2% between 0 and 40 0 C. Equations A.(2) appear to be in agreement with
the density plots for hydrocarbons from Gallant (A.5, A.6].

The reference values in Tables A.1 and A.5 are all at 20oC although two
of the chimicals will vaporize at that camperature. The properties in this
table were extrapolated to 20 0 C by the appropriate formulas for convenience.

A. 3 Vapor Pressure and Density

Vapor pressure is required in the calculation of w in Eq. A.(3) and
the vapor density. From (A.4] and [A.1], vapor pressure is related to
temperature by

log Pv - A-B/(t+C) A.(4)

where A, 3, and C and constants. The consrAnts from SACS and Dean (A.4]L are
compared in Table A.2. For the present, the constants from [A.4] are being
used in the computer program. Som differences exiat, but these may be

attributable to the temperature ranges of validity for the constants. Changes
in units only affect the consrant A which is

A - log K+A' A.(5)

where K is the conversion constant. For example, if A' is for pv in
Torr, then K rest be 1333.2279 for pv in dynes/cmz. Values of A, B,
and C are also tabulated by Raid, at al. [A.2] for Ln P7 , but no comparisons
have been made since their results must be converted to base 10 logarirthm,
log. The conversion formulas are

A - Al log a A.(6a)

B - Be log a
A.(6b)

where A, and Be are the constants for the ratural logarithm. tn, version
of Ei,. A (4).

The mass transfer equation for evaporation from Eq.(III.19) is

Jo Da, 0 a U*a (C1 C.) A.(7)

A-2



where Jo is the mass transfer per unit area, Da, is the Dalton number, pa

is the air density, u*a is the friction velocity of the air, and Cs aud
C. are the vapor concentrations at the surface and freestream, respectively.
Normally, C. is zero. The quantity Pa Cs is the vapor density which is given

by the perfect gas law

-v a M pv/R, T8  A.(8)

where M is the molecular weight of the chemical from Table A.1, pv is the
vapor pressure from Eq. A.(4), .Ts is the absolute -•urface temperature, and
R* is the universal gas constant whose value is 8.31432 x 107 dyne-cm/mole-°K
from the U.S. Standard Atmosphere, 1976. [A.71].

A. 4 Diffusivity in Air and Water

Diffusivity is required in the calciulation of Dalton number for the
mass transfer. The diffusivities in water and air are respectively

Dv 0 (DOW Uow/To) (T/4..,) A.(9)

Da w (Do po/To 3/2) (T /2/p) A.(i0)

where the subscript o is for the reference value. The reference temperature,
*T, and pressure, po, Lre 293.130 K (20 0 C) and 1.01325 x 106 dynes/cm2 , respec-
tively. The reference values of the diffusivities are listed in Table A.I.
The experimental diffusivities of benzene, cyclohexane, pentane, and to-uene
in water, Dow, are taken from Witherspoon and Bonoli (A.81 and those of
benzene, octane, and toluene in air, Dot, are from GCay [A.9]. The remaining
dilffusivities were estimated by methods described by Park and Dodge [A.301.
Data on the diffusivities in sea water are not available.

A.5 Surface and Interfacial Tensions

The surface tension and the interfacial tension with water for the
various chemicals are required in the spreading model. The surface tension of
a liquid as a function of temperature is according to (A.4]

00a aoat t A.(Il)

where ao and a1 are constants and t is the temperature in oC. Values of
the constants frco (A.4] are tabulate~r in Table A.3. Similar information
of the interfacial tensions in water as i function of temperaturre is not
available. The surface and interfacial tensions at a specific temperature
are also listed in Davies and Rideal (A.1O], and Weast and Astle [A.L1].

An important parameter in spreading is the net soreAding coefficient
which is

Sawn - cow coa A.(12)
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"* where ca, is the surface tension of. water or the interfacial tension of
water and air, aoa is the surface tension of the chemical, and ao is
the interfacial tansion of the chemical with water. Estimates of the net
spreading coefficient are lis td in Tables A.3 and A.7.

The mass transfer equation for dissolution is similar to that of
-" evaporation except that the friction velocity and density are in water.

"From Eq. A.(7), the mass transfer for dissolution is

J 0  Da* O uW (C-C.) A.(13)

The available data on solubilit7 or water concentration at the surface, Cs,
are contained in Tables A.4 and A. 7. The units on solubility are grams of
chemical per 100 grams of water. The only data on solubility as a function of
temperature are from Guseva and Parnov (A.12] for benzene, toluene, and
zylene(m). The best curve fit for benzene and toluene seems to be

t• ilog Cs ao +a, t"* l1A. (14)

whereas the solubility of xylene(m) is nearly constant between 25 and 100oC.
The deviation of experlmental data is less than 2% in the te•merature range
of 0 < t < 500 C for benzene and -10 < t < 500 C for toluene. The remaining
data !a Tabes A.4 and A.7 am compiled from CA.4] and (A.131.

A. 6 Properties of Air

The necessary physical properties of air are taken from the U.S.
Standard Atmosphere, 1976. In particular, :-ir density and viscosity are
required in the Raynoldi number. The density is computed from the perfect
gas law, Eq. A. (8), where the pressure and temperature are the ambient values.
The molecular weight of &'r is 28.9644 while standard pressure and temper-
ature are, respectively, 1.01325 x 106 dynes/c=Z (1013.25 mb) and temperature
288.1• oK (15 0C). Viscosity is computed from Sutherland's formula

U 8 T3J12/ (T+S) A.(15)

where 6 is a constant equal to 1.458 x I0-5, S is Sutherland's constant
equal to 1.4 K, and u is the absolute viscosity in Poise.

A.7 Properties of Water

The density, viscosity, and surface tensil.,- of water are required in
the spreading model. These quantities are very accurately known for pure
water. The density of water from Cildseth, et al. (A.14] is

S" 1 -(t -3.9863) 2 (t+288W9414)j/t508929.2 (t+68--29E'•2

+ 0.011445 exp (-374.3/t) A. (16)
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where p is in g/ml. Equation A.(16) fits experimental data with a mean
absolute deviation of 0.7 x 10-6 g/m. for 5 < t < 800C.

The viscosity of water has been correlated with temperature within a
+ 0.05% average deviation by Korosi and Fabus [A.15] with their measurements
as

log p20/(. - (A(r-20) + B(t-20) 2 ]/(C+t) A.(17)

for 20 < t < 150 0C where A - 1.37023, B - 0.000836, and C - 109. The
viscosity at 2U0 C, U20, has been measured as 0.010019 + 0.000003 Poise by
Swindells, et al. (A.16], and the National Bureau of Standards (NBS) has
adopted 0.01002 as the standard value. Hardy and Cottington [A.171 proposed
the following interpolation formula for their measurements for 0 < t < 40 0 C

log u - 1301./1998.333+8.1855 (:-20) 0.00585 (t-20)2 ]

- 3.30233 A. (18)

which has been altered to give the newer value of viscosity at 20 0 C.

Similar formulas for the density and viscosity of sea water have nct
beesn discovered although tabulated values are available. Cox (A.18] has
tabulated the specific gravity anomaly of sea water as a function of temper-
ature and salinity. The viscosity of sea water as a function of temperature
"for a salinity of 35 o/oo has been compiled by King (A.19]. Cox [A.17] has
"given the surface tension of sea water as

owa " 75.64 - 0.144 t + 0.0399 C1 A.(19)

where CI is chlorimit7 in o/oo and chloriniry and salinity are related by

SZ 1.805 CI + 0.030 A.(20)
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TABLE A.4 Solubility of Relevant Chemicals

Chemical Name HACS Constants a Solubility Temperature
Code ao al Cs (%) t (*C)

Allyl Chloride ALC 0.330 25.0

Benzene BNZ -0.82130 0.00337 0.175 20.0

Butadiene (1,2)

Butyl Acetate (iso) IBA 0.600 20.0

Butyl Mercaptan (n) BTM 0.06

Chlorobuta-l,2-diene(2) CRP

Cyclohexane CHX 0.015 28.34

Cyclohexene

Dipropyl Ether (iso) IPE 0.2 20.0

Ethyl Chloride ECL 0.45 0.0
0.600 20.0

Ethyl Mercaptan EMC 1.500 20.0

Heptane (n) HPT 0.00027 18.0

Hexane (n) HXA 0.00125

Methyl Cyclohexane

Nonane (n) NAN 0.000015

Octane (n) OAN 0.000066 16.0

Pentane PTA 0.0041 16.0

Toluene TOL -1.57767 0.01140 0.045 20.0

Trimethylbenzene (1,2,3) i .....

Xylene (m) XLM 0.0196 25.0

a log Cs = a,+alt

where Cs is solubility in g/100g of H2 0, and t is temperature in 'C
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APPENDIX B

Subroutines, Symbols, dnd Flow Charts

for Program DMODEL



TABLE B.1 LIST OF SUBROUTINES AND CALLS

1. OMODEL

Calls: AIR, SPLOC, SPREAD, SPTYPE, WATER, WB
Called by: ---

2. AIR

Calls: ---
Called by: DMODEL

3. CHEKMS

Calls: ---

Called by: INTE

4. CHEMCL

Calls: ---

Called by: SPTYPE

5. CURRT

Calls: ---
Called by: SPREAD

6. DISS

Calls: ---
Called by: INTE

7. EVAP

Calls: ---
Called by: INTE

8. FCNIl, FCNl2, FCN21, FCN22, FCN41, FCN42

Calls:

Called by: RUNKUT (through INTE)
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V.*

TABLE B.1 (CONTD)

9. GROUND

"Calls: ---
"Called by: SPREAD

S10. INIT

Calls: INT12A, INTI2B, INIT4A, INIT4B

Called: SPREAD

I1. INT12A

Calls: INTE, MOVE, PRINTO, TRANSP

Called by: INIT

0 12. INT12B

Calls:

"Called by: INIT

13. INIT4A

Calls: INTE, MOVE, PRINTO, TRANSP

Called by: INIT

14. INIT4B

Calls: --

Called by: INIT

15. INTE

Calls: CHEKMS, DISS, EVAP, RUNKUT

Called by: INT12A, iNIT4A, SPREAD, SWITCH

16. MOVE

Calls: ---

Called by: INTI2A, INIT4A, SPREAD, SWITCH
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TABLE B.1 (CONTD)

17. PRINTO

Calls:
Called by: INTI2A, INIT4A, SPREAD, SWITCH

18. RUNKUT

Calls: FCNll, FCNl2, FCN21, FCN22, FCN41, FCN42, UERTST

Called by: INTE

19. SPLOC

Calls: ---

Called by: DMODEL

20. SPREAD

Calls: CURRT, GROUND, INIT, INTE, MOVE, PRINTO, SWITCH,
TRANSP, UTPEAK

Called by: DMODEL

21. SPTYPE

Calls: CHEMCL

Called by: DMODEL

22. SWITCH

Calls: INTE, MOVE, PRINTO, TRANSP

Called by: SPREAD

23. TRANSP

Calls: ---

Called by: INT12A, INIT4A, SPREAD, SWITCH

24. UERTST

Calls: UGETIO

Called by: RUNKUT
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TABLE B.l (CONTD)

25. UGETIO

Calls:
Called by: UERTST

26. UTPEAK

Calls:

Called by: SPREAD

27. WATER

Calls: ---

Called by: DMODEL

28. WBS

Calls: WIND

Called by: DMODEL

29. WIND

Calls: ---

Called by: WBS
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TABLE B.2 INPUT VARIABLES

General

TITLE Name of run (up to 30 characters)

TOC Ambient temperature, C

PB Barometric pressure, millibars

DELT Integration time step, seconds

TSTOP Total run time, minutes

HMIN Minimum allowed 'thickness of thick slick,
meters

HTN Thin slick thickness, meters (usually equal
to HMIN)

TPT Time interval between printout of results,
minutes

Chemical Properties

DENO Density, kg/m3

CMW Molecular weight

DCA Diffusion coefficient in air, m2/sec

DCW Diffusion coefficient in water, m2 /sec

PV Vapor pressure, newton/m2

CS Solubility limit in water, kg/m 3

SIGOA Chemical-air interfacial tension, newton/meter

SIGOW Chemical-water interfacial tension, newton/meter

Discharge Parameters

ITYPE Descriptor for instantaneous or continuous spills

TEM Total spilled volume, M3
, for an instantaneous

spill; discharge rate, m3 /sec, for a continuous
spill.

TSPILL Total discharge time for a continuous spill,
minutes.
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TABLE B.2 (CONTD)

Water Body (not all are needed, depending on water body)

XO,YO Coordinates of spill source, meters (open
water only)

W Width of river, meters

D Depth of river, lake, or coastal water, meters

RO Roughness of river bottom, meters

UC Current in river, meter/sec

UO,U1,WT,ALPH For a tidal river: average current, m/sec;
amplitude of sinusoidal current, m/sec;
tidal period, minutes; phase of tide with
respect to time of spill, minutes

R Radius of circular lake, meters

LiL2 Width and breadth of rectangular lake, meters

X(I),Y(1) Ten x,y coordinates describing irregularly.-
shaped lake or coast, meters

X(1),Y(1); Two x,y coordinates describing a straight
X(2),Y(2) coast line, meters

UX(ll),UY(ll) Components of a constant current in open
water, meter/sec

UX(IJ),UY(IJ) Components of a time- or spatial-varying current
in open water, meter/sec; I = spatial position;
J = time.

TI(1) Ten specified time instants for a time-varying
current in open water, minutes

XU(I), YU(I) Four x,y coordinates (lake) or 10 x,y coordinates
(coastal water) that describe space grid for a
spatially-varying current in open water, meters

VW Constant wind speed, meter/second

THETAl Direction of constant wind with respect to channel
axis or x-axis (open water), degrees

VWX(I) Magnitude of time-varying wind at time I,
meter/second

THETA(1) Direction of time-varying wind with respect to
channel axis or x-axis (open water), degrees

TT(1) Ten specified time instants for a time-varying
wind, minutes
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TABLE B.3 COMPUTED OUTPUT VARIABLES

Initial Conditions (not all used for any case)

ATK Thick slick area, M2

TIIT Time required for thick slick to spread across
channel, minutes

HTK Thick slick thickness, meters

Z Downstream location of leading edge of thick

slick (continuous spill), meters

DMASS. Mass lost from thick slick, kg

WTK Downstream width of triangular slick, meters

RADIUS Radius of thick slick, meters

Regular Printout. (not all used for any case)

TEMP,DIFFT Time of printout, minutes and seconds

YY(I) Thick slick area, m2

YY(3) Thick slick thickness, meters

RADI Thick slick radius, meters

YY(2) Thin slick area, m2

RAD2 Thin slick radius, m2

TOTALM Mass of thick slick, kg

TOTALE Evaporated mass, kg

TOTALD Dissolved mass, kg

EVAPM Rate of evaporation, kg/second

DISSOM Rate of dissolution, kg/second

TMASS Mass of thin slick, kg

TOTS Mass of thin and thick slicks added to evapo-
rated and dissolved masses, kg

XW Downstream width of triangular slick, meters
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TABLE B.3 (CONTD)

XC,YC Location of center of an instantaneous spill
(open water), meters

XC Movement of an instantaneous spill in a river,
meters

Upstream and downstream edges of an instantan-
eous spill in a river, meters

TEMPI,TEMP2 Upstream and downstream locations of a con-
tinuous spill in a river, meters

XLE,YLE Coordinates of leading edge of a triangular
spill, meters

Time when slick impacts a coast

Time when thick slick thickness is less than
HMIN
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FIGURES B.1 TO B.16 ARE THE FLOW
CHARTS OF PROGRAM "DMODEL" and
ALL SUBROUTINES. THE SUBROUTINES
ARE GIVEN IN THE ORDER THEY ARE
FIRST ENCOUNTERED IN THE PROGRAM,
NOT IN ALPHABETICAL ORDER.
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FIGURE 8.1 FLOW CHART FOR PROGRAM "DMODEL"

[Read in title descriptor of up to 30 characters

Read in following input:

1. Ambient temperature, TDC
2. Barometric pressure, PB
3. Integration time step, DELT
4. Maximum printout time, TSTOP
5. Minimum thickness of thick slick, HMIN
6. Thin slick thickness, HTN

Call AIR
Call WATER

Calculate surface tension of water SIGWA

Initialize all variables

Call WBS
Call SPLOC

Call SPTYPE

Call SPREAD

END

S ubroutine "AIR"

This subroutine calculates the density and viscosity of air
as a function of pressure and temperature.

Subroutine "WATER'

This subroutine calculates the density and viscosity of water
as a function of temperature.
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FIGURE B.2 FLOW CHART FOR SUBROUTINE "WBS"

Subroutine "WBS"

Subroutine is used to input Ldescription of
the water body in which spill occurs

10 F Is spill in a river of channel ?

Yes tNo

Ye Go to 100

Input width WW and Depth D
Input bottom roughness RO

Input current UC. If UC = 0, set IC = 0
and SHAPE = 1.0; if UC > 0, set IC = 1
and SHAPE = 1.1; if UC is tidal, set
IC = 2 and SHAPE = 1.2, and input
UO,UI,WT, and a in description

UC = UO + Ul * SIN (2Tr (t+a)/WT)

Go t 0

100 Is spill in a lake ?

No
Ye Go to 140

If lake is circular, input radius R and
depth D; set SHAPE = 2.1. If lake is
rectangular, input length LI, width L2,
and depth D; set SHAPE = 2.2. If lake is
irregularly shaped, input ten X(1),Y(I)
boundary coordinates, and depth D; set SHAPE 2.3

Go to 500
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FIGURE 8.2 (CONTD)

140 Give depth 0 of coastal water. If coast line
is straight, give X(l),Y(l), and X(2),Y(2) that
locate the coast; set SHAPE = 3.1. If coast
line is irregular, give ten X(I),Y(I) coordinates;
set SHAPE = 3.2.

500 Input current components UCX and UCY. If
current is zero, .set IC = 0. If current is
constant, set IC = 1. If current is function
of space only, set IC = 2 and give UCX and UCY
at nine locations. If current is function of
time only, set IC = 3 and give UCX and UCY at
ten time instants. If current is function of
time and space, set IC = 4 and give UCX and UCY
at nine locations for ten time instants.

600 Is there wind ?

Yes No

Call "WID If widand current both equal
zero, set transport velocityUTBAR= 0

Return to "DMODEL"

hSubroutine "IND"

This subroutine inputs wind speed VW and direction
THETA. If VW = 0, set IW = 0. If VW is constant,
set IW = I. If VW is a function of time, set VW = 2
and give VW and THETA at ten time instants. Also
used to input wave height H.

Return to "WBS" and then to "OMODEL"

B-13



FIGURE B.3 FLOW CHARTS FOR SUBROUTINES "SPLOC" AND "SPTYPE"

LSubroutine "SPLOC"

If I, the integer part of SHAPE, is 1 (i.e., if the

spill is in a river or channel) the spill is assumed
to occur at x = 0, and x > 0 is the downstream direc-

* tion. If I > 2, the spill source, XO and YO, are
input. If the current is a function of space, the
grid locating the spill source, ISP, is also input

Return to "DMODEL"

Subroutine "SPTYPE"

Enter name of chemical and the chemical properties;
density DENO, molecular weight CMW, diffusion
coefficient in air OCA, diffusion coefficient in
water DCW, vapor pressure PV, solubility limit CS,
air/chemical interface tension SIGOA, and water/
chemical interface tension SIGOW. They can be
read In for some chemicals from subrouting CHEMICL.
Calculate spreading coefficient SIG, and density
difference coefficient, COEF = 1 - DEND/DENW.

Is spill continuous ?

Yes I
ot?0 No

100 Input total spilled volume TEM and calculate
spilled mass SPILLM = TEM * DENO.

' I
If spill is in river or channel, set STP = 1.1.
If spill is in lake or coastal water, set STP 1.2

Go to 299
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FIGURE B.3 (CONTO)

200 Input the rate of discharge TEM and total
spill duration TSPILL. Calculate mass dis-
charge rate SPILMR * TEM * DENO

If the current and wind are zero, and spill
is in a river or channel, set STP = 2.1. If the
current and wind are not zero and spill is in a
river or channel, set STP = 2.2. If the current
and wind are zero, and spill is in open water,
set STP - 4.1. If the current and wind are not
zero, and spill is open water, set STP - 4.2

299 Return to "DMODEL"
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FIGURE B.4 FLOW CHARTS FOR SUBROUTINE "SPREAD"

Subroutine "SPREAD"
This is the main computational block

Input desired printout interval TPT]

Compute wind and currents at t = 07 1

Is the spill continuous (integer part of STP= 4) ?

Yes No

Is the current a function of
time or space, or is the wind Go to 200
a function of time ?

Compute UTBAR -U i+0. 03 5*
Yes

Go to 200

Call UTPEAK
Call CURRT

If average transport velocity at the spill source
> 0.3 * peak transport velocity at the spill source,
set UTBAR equal to average. Otherwise, UTBAR = 0
and spill type is changed to a continuous spill
without a current

200 Call INIT to compute initial conditions

300 FStart of Integration Loop
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FIGURE B.4 (CONTD)

Is spill continuous ?

SNo

Yes Go to 3501

Is current time TIME greater than TSPILL ?

No

Yes Go to 3501

Call SWITCH to start appropriate
instantaneous model

350 (Call TRANSP to calculate the transport velocity UT

FCall INTE to use numerical integration to advance

the computations by one time step

IIs TIME greater than TSTOP ?

Yes• 33 4No

Is spill in a river or channel ?

Yes

Go to 351 NO

Call GROUND to determine if slick has impacted on beach

No i Yes

I Go to 998 j

351 If TCHECK < TIME, a subroutine CHECKMS (called elsewhere)
has determTned that the rate of mass loss equals the rate
of discharge (for a continuous spill) or that the spill
has evaporated/dissolved completely (for an instantaneous
spill). If so, a printout is made, and for a continuous
spill, the spill area and mass is held constant until
TIME > TSPILL.
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FIGURE B.4 (CONTD)

CaI MVEI

If the current TIME is equal to a desired printout
time, subroutine PRINTO is called

Is thick slick thickness less than HMIN or]
TIME > TSTOP ?•

Yes• No

998 Printout boundary impact information

Return to "DMODEL"
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FIGURE 8.5 FLOW CHARTS FOR SUBROUTINES

' -"UTPEAK" AND "CURRT"

Subroutine "UTPEAK'
Calculates the maximum value of a
time-varying transport velocity

Sspill in river of channel ?

No

h w

100 Calculate maximum value of [(UCX + 0.035 VWX) 2 +

(UCY + 0.035 VWY) 2J ½ = UPEAK (1)

999 Return to SPREAD

Subroutine "CURRT 
4

Calculated average value of transport
velocity over the entire spill duration

Is spill in river or channel ?

SNo
Yes Go to 200

If current is tidal and the spilling time is greater than one
tidal cycle, the average current is taken as the steady part,
UC - UO. Otherwise, the time average value of UC is computed.
Then the time average value of Vw coso is computed. The
average transport velocity is UBAR(l) : UC + 0.035 V cos9.
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FIGURE B.5 (CONTD)

9999

200 First, calculate average value of wind components
VWXI and VWYI over the spill duration. If the
current is constant, then calculate average
transport velocity UBAR(l) and average wind
direction, THETA(1). Otherwise, the average current
at each spatial location is calculated, and average
UBAR(1) and THETA(1) is computed.

999 Return to SPREAD
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FIGURE B.6 FLOW CHART FOR SUBROUTINE "INIT"

Subroutine "INIT"

If spill is instantaneous in a channel, call INTI2A.
If spill is continuous in a channel without a current,
call INTI2A. If spill is instantaneous in open water,
call INTI2B. If spill is continuous in open water
without a current, call INTI2B. If spill is continuous
in a channel with a current, call INIT4A. If spill is
continuous in open water with a current, call INIT43.

Return to SPREAD

Subroutine "INTl2A"

This subroutine calculates initial conditions for spills
in a channel. If the spill is continuous, and the time
required for the spill to spread across the channel is
greater than TSPILL, the spill is changed to instantaneous.
In either case, if the time required for the spill to
spread across the channel is greater than the gravity-
inertial phase maximum time, the calculations are con-
tinued by numerical integration, just as in SPREAD,
until the spill spreads across the channel.

8-21



FIGURE 8.6 (CONTD)

Subroutine "INTI2B"

This subroutine calculates initial conditions for
spills in open water

Subroutine "INIT4A"

This subroutine calculates initial conditions for
continuous spills in a channel with a current. If
the time required for the spill to spread across the
channel is greater than the gravity-inertial phase
maximum time, the calculations are continued by
numerical integration, just as in SPREAD, unt., the
spill spreads across the channel

Subroutine "INIT4B"

This subroutine calculates initial conditions for
continuous spills in open water without a current.
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FIGURE B.7 FLOW CHART FOR SUBROUTINE "SWITCH"

Subroutine "SWITCH"

This subroutine switches a continuous spill model
to an appropriate instantaneous spill model when
TIME > TSPILL. If the spill is in open water, and
the slick is wide compared to its length, the slick
spreads as if it were in a channel until the slick
shape is more regular. Afterwards, it spreads as
an instantaneous slick in open water.
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FIGURE B.8 FLOW CHART FOR SUBROUTINE "INTE"

Subroutine INTE

Subroutine used to advance solution by one time step

Call EVA7
Call DlSS

If spill is instantaneous in a channel, call RUNKUT
using subroutine FCN11 for equations. If spill is
instantaneous in open water, call RUNKUT using sub-
routine FCN12 for equations. If spill is continuous
in a channel without a current, call RUNKUT with sub-
routine FCN21 for equations. If spill is continuous
in open water without a current, call RUNKUT with sub-
routine FCN22 for equations. If spill is continuous
in a channel with a current, call RUNKUT with sub-
routine FCN41 for equaticns. If spill is continuous
in open water with a current, call RUNKUT with sub-
routine FCN42 for equations.

Call CHECKMS, which returns IDEB = 0 or IDEB = 2.
If IDEB = 0, TCHECK is computed as TIME - DELT.
(In DMODEL, TCHECK was initially set as TSTOP.)

Return to SPREAD, SWITCH, INTl2A, or INIT4A
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FIGURE B.9 FLOW CHART FOR INTEGRATION EQUATIONS

,Subroutin FCNll

This subroutine contains the dA/dt and dh/dt equations
for an instantaneous spill in a channel.

ISubroutine FCN121

This subroutine contains the dA/dt and dh/dt equations
for an instantaneous spill in open water.

Subroutine FCN21

This subroutine contains the dA/dt, dA/dt, and dh/dt
equations for a continuous spill in a channel without(. a current.

Subroutine FCN22

This subroutine contains the dA/dt, dA/dt, and dh/dt
equations for a continuous spill in open water without
a current.

Subroutine FCN41

This subroutine contains the dA/dt, dA/dt, and dh/dt
equations for a continuous spill in a channel with a
current.

Subroutine FCN42

This subroutine contains the dA/dt, dA/dt, and dh/dt
equations for a continuous spill in open water with
a current.
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FI6URE B.lO SUBROUTINES FOR MASS TRANSFER COEFFICIENTS

Subroutine EVAP

This subroutine computes the evaporation mass transfer
coefficient EVAPM as a function of the relative wind
speed UREL over the slick. (UREL is computed in TRANSP).

Subroutine DISS

This subroutine computes the dissolution mass transfer
coefficient DISSOM as a function of wind, current,
wave height, and bottom roughness.
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FIGURE B.1l FLOW CHART FOR SUBROUTINE "TRANSP"

Subroutine TRANSP
Calculates the velocity used to move the slick

Is spill in river of channel ?

Yes 1
Go to I00on No

If current is a function of space, the grid in which
the leading edge is located is determined. The
current and the wind at that location and that time
are computed, and the velocity components QTX, UTX,
UREL (relative wind speed), and VTOT= (UTX4 + UTY2)½
are computed

G99

100 If wind is a function of time, the VWX and VWY compo-
nents at time of interest are computed as well as the
current. Then UTX, UREL (relative wind speed), and
UTOT = UTX are computed

999 Return to SPREAD, SWITCH, INT12.A, or INIT4A
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FIGURE B.12 FLOW CHART FOR SUBROUTINE "MOVE"

Subroutine MOVE
Calculates movement of slick

Is spill instantaneous ?

'Yes No

Compute motion of center Go to 200
of slick during one time
step

Go to 999

200 Using appropriate transport velocity components,
calculate the movement of the leading edge during
one time step

999 Return to SPREAD, SWITCH, INTI2A, or INIT4A
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FIGURE B.13 FLOW CHART FOR "PRINTO"

Subroutine PRINTO
Organizes and prints out spreading, evaporation,

dissolution, and movement results

First, the thicknessand area of the slicks are printed
out, followed by the evaporated and dissolved masses.

300 The upstream and downstream edge locations of the slick
are printed out, or the location of the slick center
for an instantaneous spill

999 Return to SPREAD, SWITCH, INT12A, or 11-ý,!TdA
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FIGURE B.14 FLOW CHART FOR SUBROUTINE "CHECKMS"

Surotine7HECKM

Set IDEB 2

Is spill contifruous ? ]

Yes RuGo to T0

If the rate of evaporation, diissolution, and feeding
to thin slick is greater thani discharge rate, set
IDEB 0

Return to INTE
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FIGURE B.15 FLOW CHART FOR "RUNKUT"

Subroutine RUNKUT

This subroutine performs a Runge-Kutta integration
on N simultaneous differential equations FCN from
an initial time TIME to final time XEND. It calls
subroutines UERTST.

Return to INTE

Subroutine UERTST

Determines if an error has occurred in RUNKUT; also calls UGETIO

Subroutine UGETIO

Manipulates input and output of RUNKUT; called by UERTST
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I. FIGURE B.16 FLOW CHART FOR SUBROUTINE "CHEMICL't

Subroutine CHENICL

This subroutine contains thermophysical property
data for twenty chemicals that can be supplied
to describe the spill.

nReturn to SPTYPE

.,3

*1
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APPENDIX C

PROGRAM "DMODEL" LISTING

Subroutines of DMODEL are given in
alphabetical order



0001 PROGRAM DMODEL
C
CccC CCCCC CCC CC CC CCCCCCCCCC CCCCC CCCCC CCCC CCcCCC CCCC CCCCCCCCCCCCCCCCCCC
C DIFFUSION AND DISPERSION MODEL C
ccccccccccCCcccccccccccccccccccccccccccccccccccccccccccccccccccc.CCCCCC
C
C THIS PROGRAM READS IN THE RUN TITLE AND THE INPUT
C VALUES FOR:
C
C TDC - AMBIENT TEMPERATURE
C PB - BAROMETRIC PRESSURE
C DELT - INTEGRATION TIME STEP
C TSTOP - MAXIMUM TIME FOR PRINTOUT(END OF RUN)
C HMIN - DES..RED MINIMUM' THICKNESS OF THICK SLICK;
C RUN ENDS WHEN THICKNESS BECOMES LESS THAN HMIN
C HTN - CONSTANT THICKNESS OF THIN SLICK, USUALLY EQUAL TO HMIN
C
C THE PROGRAM ALSO CALCULATES THE SURFACE TENSION OF WATER-SIGWA,
C AND CALLS SUBROUTINES "AIR" AND "WATER" TO CALCULATE AIR AND
C WATER PROPERTIES. IT INITIALIZES ALL VARIABLES. IT CALLS
C SUBROUTINES "WBS","SPLOC", AND "SPTYPE'. AND FINALLY CALLS
C "SPREAD" TO MAKE THE SPREADING CALCULATIONS.
C

0002 COMMON/SIZE/R, D.WW Li, L2. H.RO
0003 COMMON/CHEMI/DENO. DCA. DCW, CS. CMW
0004 COPIMON/WATER/DENW.VISW.QR
0005 COMPION/ENVOR/PV. VISA. DENA. TDC
0006 COMMON/INTER/COEF. SIQWA. ý-1GOA, SIGOW. SIG
0007 COMMON/CONSTAT/UC. VW. UTBAR. UC. Ul.WT. ALPH, THETAl
0006 COMMON/MLOSS/EVAPM. DISSOM
0009 COMMON/MOVE/UPSAK( 10).XLE. XTE..YLE. YTE. DELT, TIME, TSTOP, TCHECK
0010 COMMON/CURRENT/UBAR( 10), D*OVE. UTOT, UTX. UTY. UREL
0011 COMMON/MASS/TOTALE. TOTALD. TOTAL?!.DMASS
0012 COMMON/CONTOUR/SHAPE.X(10).Y(10).XCYC. IC, 1W, ISP. XO.YO
0013 COM?!ON/TRANSIT/UX(10. 10),UY(1O. 10),VWX(10),

1 VWY(I0),THETA(10),TI(I0),IDITIV,
2 XU(1ObYU(10),TT(l0)

0014 CO?!PON/ID/IDl. 1D2. D3
0015 COMMON/RUNGE/YY(5),C(24),W(5,30)
0016 COMION/SPREAO/TII, ATK, HTK. ATN. HTN, HMIN. INDEX, IFLAG
0017 COMMON/STYPE/SPILLI', SPILMR. TSP ILL. WS. STP. SPM
0018 COMMON/SENSE/EVA(40,10),DIS(40,10),THK(40,10),TIN(40,10),

I PIP(40),TPT
0019, CCMMON/CK/CIO,C20,C11,C21.C12,C22.Kl0,K20,KllK21,

1 K12,K22
0020 DIMENSION NAME(30, 20)
0021 REAL K1O.K20,K11..K21,Kl2,K22

C
C C1O-K22 ARE THE CONSTANTS IN THE SPREADING MODELS
C

0022 C 10-2. 37
0023 C20-3. 65
0024 C11-2.37
0025 C21-3. 65
0026 C 12-2. 37
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0027 C22-3. 65
0028 K10-1. 53
0029 K20-1.21
0030 K11-1.24
"0031 K21-1.09
0032 K12-2. 37

I 0033 K22-3. 65
• :0034 IFLAQ - I

0 0R 4 GRAVITATIONAL ACCELERATION (M/SG. SEC)

0035 QR - 9. 80665
0036 INDEX - 0
0037 4 WRITE(6.5)
0038 5 FORMAT(IX. 30HENTER THE TITLE FOR THIS RUN..
0039 READ (5,7oERR"4) (NAME(JJ, IFLAQ),JJ-1,t30)
0040 7 FORMAT(30A1)
0041 WRITE(1,8)(NAME(JJ,IFLAG),JJ-1.30)'

* 0042 8 FORMAT(1H1,30A1,//)
" 0043 10 WRITE(6, 11)

0044 11 FORMAT(IX,41HINPUT THE AMBIENT TEMPERATURE IN CELSIUS.S0045 READ (5*,*ERR-IO) TDC
0046 20 WRITE(6,21)
0047 21 FORMAT(1X,42HINPUT THE BAROMETRIC PRESSURE IN MILLIBARS,

$ /, 1X, 47HOR ZERO, 0, FOR THE STANDARD SEA LEVEL PRESSURE/
$IX, 14HOF 1013. 25 MB.)

0048 READ (5,*,ERR"20) PB
0049 IF(PB. LE. 0. ) PB-1013.25
0050 23 WRITE(6o 24)
0051 24 FORMAT(IX°46HINPUT THE TIME INCREMENT IN SECONDS. TRY 1.0.)
0052 READ(5,*,ERR-23) DELT
0053 IF(DELT. LE. O. ) DELT-1. 0
0054 25 WRITE(6,26)
0055 26 FORMAT(IX, 37HINPUT THE DESIRED RUN TIME IN MINUTES)

* 0056 READ(5. *, ERR-25)TSTOP
0057 TSTOP-TSTOP*60.
0058 27 WRITE(6, 28)
005e 28 FORMAT(1X'

"1 59HINPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS.
0060 READ(5, *, ERR-27)HMIN
0061 31 WRITE(6. 32)
0062 32 FORM"T(1X,4OHINPUT THICKNESS OF THIN SLICK IN METERS.)

$I 0063 READ( 5,*, ERR-31 )HTN
C
C CALL SUBROUTINE AIR TO CALCULATE AIR PROPERTIES
C

* 0064 CALL AIR (PS, TDC, DENA, VISA)
• C

C CALL SUBROUTINE WATER TO CALCULATE WATER PROPERTIES

0065 CALL WATER (TDC, DENW, VISW)
C
C SI•WA - SURFACE TENSION BETWEEN WATER AND AIR
C

0066 SIOWA , ( 75. 64 - 0. 144 * TDC ) * 1. E-3
C
C SET UP ALL THE INITIAL AND DEFAULT VALUES
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C
0067 UC - 0.0
0068 VW 0.0
0069 UTBAR - 0. 0
0070 THETAI - 0.0
0071 XLE - 0.0
0072 YLE - 0.0
0073 XTE - 0.0
0074 YTE - 0.0
0075 XC - 0.0
0076 YC - 0.0
0077 XO O.0
0078 YO - 0.0
0079 TOTALM - 0.0
0080 TOTALE - 0. 0
0081 EVAPM - 0.0
0082 DISSOM - 0.0
0083 TOTALD - 0. 0
0084 SPILLM - 0.0
0085 SPILMR - 0.0
0086 IC - 0
0087 IW - 0
0088 ID - i
0089 IT - I
0090 IV - I
0091 DO 30 I-i, 10
0092 DO 29 J-1, 10
0093 UX(IJ) - 0.0
0094 UY(IJ) - 0.0
0095 29 CONTINUE
0096 TI(I) - 0.0
0097 TT(I) - 0.0
0098 UPEAK(I) - 0.0
0099 UBAR(I) - 0.0
0100 VWX(I) - 0.0
0101 VWY(I) - 0.0
0102 THETA(I) - 0.0
0103 30 CONTINUE

C
0104 TIME - 0.0
0105 TCHECK - TSTOP
0106 TSPILL - TSTOP

C
C CALL SUBROUTINE WBS TO OBTAIN WATER BODY DESCRIPTION
C

0107 CALL WBS
C
C CALL SUBROUTINE SPLOC TO SPECIFY SPILL LOCATION
C

0108 CALL SPLOC
C
C CALL SUBROUTINE SPTYPE TO DETERMINE SPILL TYPE AND CHEMICAL
C PROPERTIES
C

0109 CALL SPTYPE (PB)

C-3



C
C CALL SUBROUTINE SPREAD TO SOLVE SPREADING MODEL
C

0110 CALL SPREAD
C
C

011I1 999 CONTINUE
01112 STOP
0113 END
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CccCCcccccccccCCcccccccCccccccccCCccccccCCcccccCCCcCcCccccc~c~cCc~c~cCCCC
0001 SUBROUTINE AIR (PB. TDC, DENA, VISA)

C
CCccCCCcc~cCcccccccc~ccCccccCcccccCCcccccCCccCCccCcccccC~ccCccccc~cCCccCccccc
C
C SUBROUTINE AIR IS USED TO DETERMINE AIR PROPERTIES. IT IS
C CALLED BY PROGRAM DMODEL.
CCCCCCCCCCCCCCCCCCCCCCCCCC~zcccccccccccccccccccccccccccccccccccccccccccc
C
C U. S. STANDARD ATMOSPHERE, 1976
C DATA IN CGS UNITS

0002 DATA BETA, S, R, A. B, C/1,458E-5.110.4.2.87053E+6.2.64638E-5,
1 245. 4, 12. /

0003 DATA AO, Al, A2, A3, A4, RPR/1.041707E+1,-4. 179207E+2.
I 9. 525310E+3. -9. 708879E+4. 3. 736 121E+5. 8. 31432/

C
C TDC -TEMPERATURE (C)
C PB -BAROMETRIC PRESSURE (MILLIBAR)
C DENA - AIR DENSITY (KG / CU. M)
C VI - VISCOSITY OF AIR (POISE)
r VISA - K~INEMATIC VISCOSITY OF AIR (SO.- M /SEC)
C W - MOLECULAR WEIGHT
C R - UNIVERSAL GAS CONSTANT
C

0004 P -PB *1000.0
0005 T - TDC +4 273. 15

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C AIR DENSITY IN UNITS OF GM / CU. CM
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC^CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

0006 DENA - P / (R * T)
C
C CONVERT TO UNITS OF KG / CU. M
C

0007 DENA - DENA * 1000. 0
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

0008 TR - SORT(T)
0009 TI -T *TR

0010 VI - BETA * TI / (T + S)
C NOTE 1 POISE - 1 GM / (SEC-CM). CONVERT TO KINEMATIC VISCOS]

0011 VISA - (VI / 10.0) / DENA
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

0012 RETURN
0013 END
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ccccccccccccccccccccccCCCcCCcccCCCCcccccccccccccccCCcccccCCCCcCcCCccccCcc
0001 SUBROUTINE CHEKMS

C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC zcccccccccccccc~cccccccccccd
C
C THIS SUBROUTINE IS CALLED BY "INTE- AND THE INITIAL CONDITION
C ROUTINES "INTI2A" AND "INIT4A". FOR A CONTINUOUS SPILL, IT
C DETERMINES IF (EVAPORATION RATE + OTHER LOSSES) > DISCHARGE
C RATE, OR FOR AN INSTANTANEO3US SPILL. IF SPILL AREA IS ZERO
C (LOSSES > SPILL MASS). IF EITHER IS TRUE. IT RETURNS 'IDEB'=0.
C OTHERWISE, IT RETURNS 'IDEB'-2.
C

0002 COtIWON/MASS/TOTALE. TOTALD. TOTALM,.TMASS
0003 COMMON/MLOSS/EVAPMDISSOM
0004 COMtION/PRIM/YPRIPIE(5). IDEBKKK
0005 COMMON/MOVE/UPEAK( 10). XLE, XTE. YLE. YTE. DELT. TIME, TSTOP, TCHECK'
0006 COMMON/STYPE/SP ILLM. SPILIR, TspILL. WS.STP. SPM
0007 COMMON/RUNCE/YY(5), C(24), W(5,30)
0006 COMMON/CHEMI/DENO, OCA, DCW. CS, CPW
0009 COMM0N/SPRE!..)/TII, ATK. HTK, ATN, HTN, HMIN, INDEX. IFLAG

C
0010 IDEB- 2
0011 EPSLON- .01
0012 ISTP-STP
0013 IF(ISTP.EG.1) COTO 10

C
C *4CONTINUOUS SPILL 9

C
0014 YNET1-SPILMR-YPRIME(4)-YPRIME(5)
0015 TEST-SPILMR-YPRIME(4)-VPRIME(5)-DENO.HTN*YPRIME(2)
0016 IF(TEST. LE. EPSLON) IDEB-0
0017 RETURN

C
C *4INSTANTANEOUS SPILL*a

0016 10 DISSTM - TOTALD + DELT * DISSOM * VY~l)
0019 EVAPTN - TOT/4LE + DELT * EVAPM * VYCI)
0020 IF ((ABS(SPILLN - DISSTM - EVAPTM) /SPILL?!) LE. EPSLON)THEN
0021 IDEB - 0
0022 RETURN
0023 ELSE
0024 ATEP - YY(1) + YPRIME(l) 4DELT

0025 IF(ATEMP .LE. 0) THEN
0026 IDEB - 0
0027 RETURN
002e ELSE
0029 RETURN
0030 END IF
0031 ENDI'F
0032 END
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
0001 SUBROUTINE CHEMCL(ICS, NAME, PB, PHI, DENO, CS, CMW,

1 OCA. DCW, SIGOA. SIGOW)
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

C, THIS SUBROUTINE IS CALLED BY "SPTYPE¶. IT INPUTS AUTOMATICALLY
c THE CHEMICAL PROPERTIES FOR THE 20 LISTED CHEMICALS.
C

.0002 COMMON/WATER/DENW. VISW. QR
0003 COMMON/ENVOR/PV, VISA, DENA. TDC

0004 COMMON/NAIIE/NC(2, 20)

*MATERIAL NO. NAME
*I ALLYL CHLORIDE
*2 BENZENE
*3 BUTADIENE (1,2)
*4 BUTYL ACETATE (ISO)
*5 BUTYL MERCAPTAN (N)
*6 CHLOROBUTA-1-3-DIENE

7 CYCLOHEXANE
a CYCLOHEXENE
9 DIPROPYL ETHER (ISO)

*10 ETHYL CHLORIDE
*11 ETHYL MERCAPTAN
*12 HEPTANE (N),
413 HEXANE (N)
*14 METHYL CYCLOHEXANE
*15 NONANE (N)
416 OCTANE (N)
*17 PENTANE
*18 TOLUENE
*19 TRIMETHYLBENZENE
420 XYLENE (M)

0005 CHARACTER*10 NAIE(2).NC
0006 DIMENSION RHO(20), WM(20). DOA(20), DOW.(20).

1 SL(20),TFI(20),CAO(20).CA1(20),STA(20),SA0(20),
2 SAI(20),TF2(20).STW(20),TF3(20),PAF(20),CTK(20),
3 VPA(20), VPB(20). VPC(20)

0007 DATA NC/'ALLYL CHLO', 'RIDE '.'BENZENE '

1 'BUTADIENE ', '(1,2) '.'BUTYL ACET', 'ATE (ISO) '

2 'BUTYL MERC', 'APTAN (N) ' 'CHLOROBUTA', '-1-3-DIENE'.
3 'CYCLOHEXAN', 'E '.'CYCLOHEXEN'. -7
4 'DIPRCIPYL E', 'THER (ISO)', 'ETHYL CHLO'. 'RIDE

'ETHYL MERC', 'APTAN 'HEPTANE (N'.
6 'HEXANE (N)',' ''METHYL CYC'.'LOHEXANE '

7 'NONANE (N)',' 'OCTANE (N)',
8 'PENTANE ''','TOLUENE '

9 'TRIMETHYLB'. 'ENZENE '.'XYLENE (M)'. '
C RHO IS DENSITY AT REFERENCE TEMPERATURE (20C) -IN GM / CU. CM.

0008 DATA RHO/938. 0.879.0.652. 0.871.0,841.0.956.0k 779. 0.810.0.
1 725. 0, 896. 0. 839. 0. 684. 0. 65.9. 0. 769. 0, 718. 0, 703. 0,
2 626. 0, 867.0.,894. 0.864. 0/

C WM IS MO'-ECULAF; WEIGHT >
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0009 DATA WM /76. 526. 78. 114, 54. 092, 116. 160, 90. 19. 88. 54. e4. 162.
1 e2. 146. 102. 177, 64. 515o 62. 134, 100. 205, 86. 176, 98. 189.
2 128. 259, 114. 232, 72. 151,92. 141, 120. 195, 106. 168/

C DOA IS DIFFUSIVITY IN AIR AT REFERENCE TEMPERATURE (20C) -
C IN So. CM. / SEC.

0010 DATA DOA/0. 097, 0. 087.0. 0. 0. 064, 0. 0. 0. 0, 0, 081, 0. 085, 0. 063.
1 0. 0913, 0. 0983, 0. 064, 0. 070, C. 072, 0. 058, 0. 058,
2 0. 075, 0. 083. 0. 065, 0. 072/

C DOW IS DIFFUSIVITY IN WATER AT REFERENCE TEMPERATURE (20C) -

C (SO. CM. / SEC. ) * 1E5
0011 DATA DOW/1. 019, 1. 02, 1. 062, 0. 712, 0. 0 0. 0, 0. 84, 0. 870, 0. 744,

1 1. 128, 1. 533, 0. 700,0. 764,0. 799, 0. 597, 0. 638, 0. 84,
2 0. 85, 0. 695, 0. 756/

C VPA, VPB AND VPC ARE USED TO CALCULATE VAPOR PRESSURE PV HAS
C A UNIT OF (NEWTON / SO. M.)
C

0012 DATA VPA/10. 34, 10. 03055. 10. 11873, 10. 15,11. 06, 9. 2864,
1 9. 9662, 10. 01107, 9. 9744, 10. 82, 10. 75, 10. 02167,
2 10.00091,9.9479,10.06383,10.04358.9.97786,
3 10. 07954, 10. 16572, 10. 13398/

0013 DATA '#PB/1540. .1211. 033, 1041. 117, 1343.. 1877. ,783. 45; 1201. 53,
1 1229. 973, 1139. 34, 1375. ,1461. , 1264. 90, 1171. 17,
2 1270. 763, 1431. 82, 1351. 99, 1064. 84,1344.8,1593.958,
3 1462. 266/

0014 DATA VPC/273. 2, 220. 79 242. 274,207. 0. 273. 0 179. 7,222. 65,
1 224. 10. 218. 7, 273. 2,273.0.216. 54.224. 41.221. 42.
2 202. 01.209. 15.233. 01,219. 48.207. 08. 215. 11/

C SL IS THE SOLUBILITY IN 0 / 100 G OF H20
0015 DATA SL /.33,. 175,0.,.6,.06,0.,.015,0-.,.2. 60,1. 5. 0052,

1 .014, 0. . , . 002,. 036,. 045, .,. 0196/
C TF1 IS THE REFERENCE TEMPERATURE FOR SOLUBILITY

0016 DATA TF1/25. ,20. ,0. .20. .0. ,0. ,28. 34.0.,20. -20. ,20. e18..
1 0. ,0. ,0. , 16. a 16., 20., 0., 25./

C
C CAO AND CAl ARE USED TO CALCULATE TEMPERATURE DEPENDENT
C SOLUBILITY
C

0017 DATA CAO/0. 0. -. 8213, 15*0. 0, -1. 57767, 2*0. 0/
0018 DATA CA1/0. 0,. 00337,15-0.0.. 0114,2*0.0/

C
C STA IS THE SURFACE TENSION BE'T'EEN CHEMICAL AND AIR
C AT REFERENCE TEMPERATURE TF2 - IN DYNE / CM
C

0019 DATA STA/2. 89. 2. 888, 0. 0. 2. 37, 2. 61, 0. 0. 2. 46. 2. 678, 1. 71, 1. 95, 2. 35-
1 1. 93, 1. 84, 2. 385, 2. 29, 2. 17, 1. 60, 2. 852, 2. 083. 2. 860/

0020 DATA TF2/15. 0,7*20. ,25. 05, 11*20./
C SAO AND SAl ARE USED TO CALCULATE SURFACE TENSION AT
C DIFFERENT TEMPERATURE

0021 DATA SAO/0. 0, 31. 54, 4*0. 0, 27. 62, 29. 23, 19. 89, 0. 0, 0. 0, 22. 1,
1 20. 44, 26. 11, 24. 72, 23. 52, 18. 25, 30. 90, 30. 91, 31. 23/

0022 DATA SA1/O. 0,. 133, 4-0. 0.. 1188-. 1223,. 1048, 2*0. 0,. 098,
1 . 1022-. 113. 09347,. 09509-. 11021,. 1189.. 1040.
2 . 1104/

C
C STW IS THE SURFACE TENSION BETWEEN CHEMICAL AND WATER AT
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C REFERENCE TEMPERATURE TF3 - DYNE / CM

C
0023 DATA STW/5. 71, 3. 5,0. 0,4. 0,3. 0,0. 0, 5, 0. 0.0, 1. 71 4. 00,2. 50, 5. 10.

1 5. 11.0 0. . 3. 50, 5. 08, 5. 02, 3. 61, 0. 0O 3. 64/
0024 DATA TF3/22. 75, 20. , 0. 0, 19. 85, 20. , 0. ,24. 85, 0 0, 25. 05,

1 -. 15. 20., 19. 85,20. ,0. ,020. .20., 19. 05,25. ,0. ,29. 85/
C PAF IS THE PITZER ACENTRIC FACTOR

0025 DATA PAF/. 13. 212,. 255. 479,. . 30. . 213,. 21,. 34. 19,. 19,
1 .351. 296,. 233. 444. 394. 251,. 257,. 39,. 331/

C CTK IS THE CRITICAL TEMPERATURE - IN K
0026 DATA CTK/514. 15, 562. 09, 443. 75, 561. 15, 562. 95,0 , 553. 45,

1 560. 41, 500. 05, 460. 35, 499. 15, 540. 15. 507. 35, 572 25,
2 594. 56, 568. 76. 469. 65, 591. 72, 664. 45, 616. 97/

0027 DO 1112 1 - 1, 2
0028 NAME(I) - NC(IICS)

"- .0029 1112 CONTINUES0030 PHI - (I.0-(293. 15/CTK(ICS)))**(2.0/7.0)-(1.0-(TDC÷273, 15)/
I CTK(ICS)) **(2.0/7.0)

S003! IF (PHI EQ. 0.) GO TO 1115
04032 ZZ' .29056 - .08775 * PAF(ICS)

C DENO - CHEMICAL DENSITY IN KG/CU. M.
0033 DENO - (RHO(ICS) * (ZZZ ** PHI))
0034 GO TO 1116
0035 1115 DENO - RHO(ICS)
0036 1116 CUNTINUE

C
C PV - VAPOR PRESSURE - IN NEWTON / SOQ M.

0027 PV - (VPA(ICS) - VPB(ICS) / kTDC + VPC(ICS)))
0038 PV - (10. ** (PV)) / 10.0

C
C CS- SOLUBILITY LIMIT - IN KG / CU. M.

* 0039 IF (CAO(ICS) EQ. 0.0 AND. CAI(ICS) EQ. 0 0) GO TO 1114
"0040 SL(ICS) - 10. **(CAO(ICS) + CAI(ICS) * TDC)
0041 1114 CS - SL(ICS) * DENW / 100.0

CI CC CMW - MOLECULAR WEIGHT

0042 CMW - WM(ICS)
454 C

C
p. C DCA - DIFFUSIVITY IN AIR (SO. M. / SEC)

"0043 DCA - (DOA(ICS) * (1. 01325E6) / 293. 15 * 1. 5)
I ((TDC + 273. !5) ** 1.5 / (PB * 1000.0))

"0044 DCA -DCA * 1.E-4
C
C NOTE PB IS IN MILLIBAR
C 1. 01325-I. E6 IS THE REFERENCE PRESSURE IN DYNE/:G. CM,
C
C DCW - DIFFUSIVITY IN WATER (SO. M. / SEC.)

0045 DCW - (DOW(ICS) * .001002 / 293. 15) * ((TDC + 273. 15) /
(VISW * DENW))

0046 DCW - DCW * i. E-9
C

C SIGOA - SURFACE TENSION BETWEEN CHEMICAL AND AIR
C (IN NEWTON M .1)
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I 0047 IF (SAO(ICS) EG. 0.0 AND. SAI(ICS) EG. 0.0) GO TO 1117
0046 SIOOA - (SAO(ICS) - SAI(ICS) * TDC) (1. E-3)
0049 GO TO 1118
0050 1117 SIGOA - STA(ICS) * (1.OE-2)
0051 1118 CONTINUE

C
C 6100W - SURFACE TENSION BETWEEN CHEMICAL AND WATER
C (IN NEWTON / M.)

0052 SIGOW - STW(ICS) * (1.OE-2)
0053 RETURN
0054 END

0
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccCCCCCC
C SUBROUTINE CURRENT C
C THIS SUBROUTINE COMPUTES THE AVERAGE TRANSPORT C
C VELOCITY OVER ENTIRE SPILL DURATION C
CCCCCCCCcCCcccCCCCcccccCcCCCCCCCCCCCCccccccCCcCCCccccCCCcCCCCcccc

C
C THIS SUBROUTINE IS CALLED BY "SPREAD". IT CALCULATES THE
C AVERAGE VALUE OF THE VELOCITY USED IN THE SPREADING MODELS
C TO COMPARE WITH THE PEAK COMPUTED IN UTPEAK.
C
C *4 VARIABLE NAME *i
C
C UBAR(I) - AVERAGE VALUE OVER TIME OF UC + O.035*VW (COMPONENTS)
C IN EACH OF THE 9 SLICES OR BOXES. FOR A RIVER, A
C DUMMY BOX(I-1) IS USED.
C

0001 SUBROUTINE CURRT
0002 COMMON/CURRENT/UBAR(IO),DMOVEUTOT, UTX, UTY, UREL
0003 COMMON/MOVE/UPEAK(1O),XLE, XTE,'LE, YTE, DELT, TIMEoTSTOP, TCHECK
0004 COMMON/CONTOUR/SHAPEX(IO),Y(10),XCYC. IC, IW, ISPXOYO
0005 COMMON/CONSTAT/UC, VW, UTBAR. UO. UIWT, ALPH.THETA1
0006 COMMON,'TRANSIT/UX(10. 10),UY(IO. 10),VWX(IO),

I VWY(1O),THETA(IO),TI(10),IDITIV,
2 XU(I0),YU(10),TT(1O)

0007 COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
0008 COMMON/UAVE/UCXI,UCYIVWX1,VWY1

C
C

0009 IF(IC. E0.0. AND IW. EQ.0) GO TO 999
0010 ISHAP - SHAPE
0011 IF (ISHAP.GT. 1) 00 TO 200

C
C
C IN RIVERS OR CHANNELS
C
C

0012 IF (ICE0.1) GO TO 60
0013 IF (TSPILL.OGTWT) GO TO 50

C AVERAGE VALUE OF TIDAL VELOCITY OVER ONE TIDAL PERIOD
C

0014 UC - UO
0015 GO TO 60
0016 50 CONTINUE

C
C AVERAGE VALUE OF TIDAL VELOCITY OVER DISCHARGE TIME
C

0017 UC - UO+UI*WT/6 2831B*(-COS(6.28318/WT*(TSPILL÷ALPH))
1 +COS(6. 28318*ALPH/WT))

0018 60 IF (W. LE. 1) GO TO 70
0019 VWT - 0.
0020 THETIT - 0.
0021 00 62 1 - 1,10
0022 IF (TSPILL.LT TT(l)) GO TO 65
0023 VWT - VWT +VWX(I)
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0024 THETIT - THETIT + THETA(I)
0025 62 CONTINUE
0026 65 VW - VWX(I-1) + (TSPILL-TT(I-1))*(VWX(1)-VWX(I-1))/

1, (TT(I)-TT(I-1))
0027 THETA1 - THETA(I-1) + (TSPILL-TT(I-1))*(THETA(I)-THETA(I-1)).

1 /(TT(I)-TT(I-1))
C
C TIME AVERAGE VALUE CALCULATED OF WIND AND WIND ANGLE UP TO
C END OF DISCHARGE TIME
C

0028 VW a (VWT+VW)/I
0029 THETAl - (THETIT+THETA1)/I

C- ---------------------------------------
0030 70 UBAR(1) - UC + 0.035 * VW * THETA1

C------------------------- --------------- 7------------
0031 GO .TO 999

C
C

C ---- ------- ----------------------------

C IN OPEN WATER
C---------------------------------------------------------
C

0032 200 CONTINUE
0033 IF (IW.GT.1) 00 TO 210
0034 VWX1 - VWX(1)
0035 VWY1 - VWY(1)
0036 GO TO 300
0037 210 VWX1 - 0.0
0038 VWY1 - 0. 0
0039 DO 240 J - 1,10
0040 IF (TSPILL.LT.TT(J)) GO TO 250
0041 VWXI a VWX1 + VWX(J)
0042 VWY1 - VWY1 + VWY(J)
0043 240 CONTINUE
0044 250 VWX1 a VWX1 + VWX(J-1).(TSPILL-TT(J-1))*(VWX(J)-VWX(J-1))

1 /(TT(J)-TT(J-1))
0045 VWYI - VWYI + VWY(J-1+)(TSPILL-TT(J-1))*(VWY(J)-VWY(J-1))

1 /(TT(J)-TT(J-1))

C TIME AVERAGE VALUE OF WIND COMPONENTS UP TO END OF DISCHARGE
C TIME
C

0046 VWX1 - VWXI/J
0047 VWY1 - VWY1/J
0048 300 CONTINUE
0049 IF (IC.QT,1) gO TO 310
0050 UU1 - UX(I,1)
0051 UU2 - UVY(,1)
0052 UCXI - UU1
0053 UCYI - UU2

C COMMUTE UDAR WI-EN CURRENT IS CONSTANT

C

0054 UBAR(1) - SORT((UU1+0. 035*VWX1)**2+(UU2+0. 035*VWYI)**2)
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S0055 THETA(1) - ATAN((UU2+0.035*VWYI)/(UU1+0.035*VWYI))
' C

- 0056 0O TO 999
0057 310 DO 390 I - 1,9

'* 0058 IF (IC. GT. 2) GO TO 320
0059 UU1 - UX(I 1)
0060 UU2 - UY(Iol)
0061 0O TO 360

• 0062 320 UU1 - 0.0
0063 UU2 - 0.0
"0064 DO 340 J-1,IT
0065 IF (TSPILL.LTTI(J)) GO TO 350

" 0066 UU1 - UU1 + UX(IJ)
0067 UU2 - UU2 + UY(IJ)
0068 340 CONTINUE
0069 350 UU1 - UU1 + UX(IJ-1)+(TSPILL-TI(J-1))*(UX(IJ)-UX(IJ-1))

"1 /(TI(J)-TI(J-l))
0070 UU2 - UU2 + UY(IJ-1)÷(TSPILL-TI(J-1))*(UY(IJ)-UY(IJ-1))

"1 /(TI(J)-TI(J-1))
C
C COMPUTE AVERAGE CURRENT IN EACH BOX OR SLICE

0071 UU1 inUvU/J
0072 UU2 = UU.'/J
0073 360 IF(I.NE ýF)GOTO 380
0074 UCX1 I ;J1
0075 UCY1 - kskU2

C
C COMPUTE AVERAGE UBAR IN EACH BOX OR SLICE
"C

0076 380 UBAR(I) - SORT((UUI+0. 035*VWX1)*42.(UU2+0. 035*VWY1)**2)
0077 THETA(I) - ATAN((UU2+0.035*VWY1)/(UUI+0.035*VWX1))

C C ------------------------------ ----------------
*0078 390 CONTINUE

0079 999 RETURN
' 0080 END
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C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C SUBROUTINE DISS C
C THIS SUBROUTINE IS USED TO COMPUTE DISSOLUTION LOSS C.
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C THIS SUBROUTINE IS CALLED BY "INTE". IT CALCULATES THE
C DISSOLUTION MASS TRANSFER RATE COEFFICIENT. THE RELATIVE
C WIND IS CALCULATED IN "TRANSP".
C
C DISSOM - DISSOLUTION MASS TRANSFER RATE COEFFICIENT (KO / SO. M-
C

0001 SUBROUTINE DISS
0002 COMMON/SIZE/R, D, WW, L1, L2, H, RO
0003 COMMON/CHEMI/DENO, DCA, DCW, CS, CMW
0004 COMMON/WATER/DENW, VISW OR
0005 COMMON/ENVOR/PV. VISA, DENA, TOC
0006 COMMON/INTER/COEF, SIOWA, SIGOA, S1o0W. SIc
0007 COMMON/CONSTAT/UC, VW, UTBAR, UO, Ul, WT* ALPH, THETA1
0008 COMMON/MLOSS/EVAPM.DISSOM
0009 COMMON/MOVE/UPEAK( 10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
0010 COMMON/CONTOUR/SHAPE, X(10), Y(10)° XC. YC, IC, IW. ISP, XO, YO
0011 COMMON/TRANSIT/UX (10. 10), UY(10, 10), VWX (10).

1 VWY(10), THETA(10), TI( 10). ID, IT. IV,
2 XU(10),YU(10),TT(IO)

0012 COMMON/ID/IDI, ID2, ID3
0013 COMMON/EVAD IS/DAN, UXA, SCHM IA, CSA. OWN, UXW, SCHMI W, CSW
0014 COMMON/CURRENT/UBAR ( 10), DMOVE, UTOT, UTX, UTY, UREL

C
0015 DATA D1,D2, D3, D4, 05, D6, D7, D8/. 85 .,2.3Z.,.. .065o. 5,.. 2, 11. 2/
0016 I - IW+1
0017 J - SHAPE

C
C . SCHMIW - SCHMIDT NO. FOR WATER **
C

0018 SCHMIW - VISW/DCW
0019 CSW - CS/DENW

C
C

0020 00 TO (10.100,100) 1
C
C- ------------------------------------ ---------

C DISSOLUTION IN RIVERS OR CHANNELS
C - ----------------------- -- ----- ----

0021 10 CONTINUE
C
C *D OWN - DALTON NO. FOR RIVER *4
C

0022 OWN - 0.06266/(SCHMIW**(2. /3.))
0023 K - IC+I
0024 00 TO (11,12,13) K

C --- NO CURRENT ---
"0025 11 DISSOM - 0.0
0026 00 TO 999

C --- CONSTANT CURRENT ---
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0027 12 G0 TO 20
C --- TID AL CURRENT -

0028 13 UC - UO+UI*SIN(2.0*3.14159/WT*(TIME+ALPH))
0029 20 UXW - UC/(5.66*ALOGlO(2.0*D/RO)+4.92)
0030 GO TO 500

C
C
C DISSOLUTION IN OPEN WATER
C
C

0031 100 CONTINUE
0032 00 TO (110,120,120) I

C -- NO RELATIVE WIND
0033 110 DISSOM -0.0
0034 GO TO 999

C -- RELATIVE WIND---
0035 120 IF (UREL.GT.3.064) GO TO 155

C ....- UREL . LE . 3.064 METER/SEC ---
0036 UXW - SQRT(DENA/DENW)*UREL*SQRT((1.25E-3)/(UREL**0. 2))
0037 GO TO 160

C --- UREL . GT . 3. 064 METER/SEC ---
0038 155 UXW - SGRT(DENA/DENW)*UREL*SQRT((D4+DS*UREL)/1000. 0)

C
0039 160 IF (UREL. GT. 5. 0) ;0 TO 165

C UREL . LE . 5. 0 METER/SEC
0040 BW - 12. 5*(SCHMIW**(2. /3. ))+2. 125*ALOG(SCHr¶IW)-5.3
0041 GO TO 170

C --- UREL .GT . 5.0 METER/SEC ---
0042 165 CONTINUE
0043 SCT - Dl
0044 HPLUS -H*UXW/VISW
0045 BW - D6*((SCHMIW**(2. /3. ))-D7)*SQRT(HPLUS)-

1 2. 5*SCT*ALOG(HPLUS)+D0*SCT
C
C

0046 170 ZW - D2*UXW/VISW
C
C *D OWN - DALTON NO. FOR OPEN WATER **
C

0047 OWN - 1.0/(2. 5*SCT*ALOG(.ZW)+BW+D3)
C
C-------------------------------------------------- -----

0048 300 DISSOM = OWN * DENW *UXW *CSW
C- ---------------------------------------- --------------

0049 999 RETURN
0050 END
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CccccccCCcCCCCcCccCcCcCCCCcccccccCCC~ccCccCcccc~cccCcccccCccc~cCccc~cCccc
C SUBROUTINE EVAP C
C THIS SUBROUTINE IS USED TO COMPUTE EVAPORATION LOSS C
CCCCCccCcCCCCc~cccCCccc~cCccccccccCcCccccccccccccCcCCcccCccCcCccccc~cCCc
C
C THIS SUBROUTINE IS CALLED BY "INTE". IT CALCULATES THE
C EVAPORATION MASS TRANSFER RATE COEFFICIENT. THE RELATIVE
C WIND IS CALCULATED IN "TRANSP".
C
C EVAPM - EVAPORATION MASS TRANSFER RATE COEFFICIENT (KC/ SQ. M-
C

0001 SUBROUTINE EVAP
0002 COMPION/SIZE/R,D0.WW. Li.L2, H.RO
0003 COMP¶ON/CHEMI/DENO, DCA, DCW, CS. CMW
0004 COMPION/WATER/DENW, VISW, OR
0005 COMMON/ENVOR/PV. VISA, DENA. TOC
0006 COMMON/INTER/COEF. SIGWA. 500A. SIGOW. 510
0007 COMMON/CONSTAT/UC. VW. UTBAR. UO, UZ.WT. ALPH. THETAl
0008 COMMON/MLOSS/EVAPM, DISSOM
0009 COMMON/MOVE/UPEAK 10. XLE. XTE, VLE. YTE. DELT, TIME. TSTOP, TCHECK
0010 COMMION/ CONTOUR/ SHAPE. X(10), Y(10). XCYC. IC, IW. ISP. AO.Y0Y
0011 COMP1ON/TRANSIT/UX(10. 10).UY(10.10),VWX(1O).

1 VWV(10),THETA(10).TIC10).ID,IT,IV,
2 XU'(10)#YUC1O)#TTC1O)

0012 COMMON/ID/lDb 102. 103
0013 COMMON/EVADIS/DAN, UXA. SCHMIA, CSA. DW.N.UXW- SCHMIW, CSW
0014 COMMON/CURRENT/UBAR(10). OMOVE,.UTOT. UTX. UTY, UREL
0015 DATA Dl,D2, D3, D4,D5,D06, D7,D8/. 85,10., 2.35..S..065,..55,. 2,11. 2/

C
0016 IF(UREL. EQ. 0. 0) THEN
0017 EVAPM - 0. 0
0018 GOTO 999
0019 ELSE
0020 ENDIF
0021 IF (URE-L. T. 3.064) 00 TO 55

C -UREL .LE . 3. 064 METER/SEC--
0022 UXA - UREL*SQGRT(1. 25E-3)/(UREL**0. 2)).
0023 GO TO 60

C -- UREL . T .3. 064 METER/SEC
0024 55 UXA - UREL*93RT(D4+D5*UREL)/1000.0)

C
0025 60 CON4TINUE
002o HX - H *UXA /VISA

C
C .. SCHMIA - SCHMIDT NO. FOR AIR *
C

0027 SCHMIA - VISA/DCA
0028 65 CSA - (PV*CMW/(8314. 32*(TDC.273. 15)))/OENA

C
C

0029 70 IF (UREL. CT. 5.0) G0 TO 75
C -- UREL .LE .5. 0 MK2TER/SEC

0030 BA - 12. 5*(SCHMIA**(2./3.))+2.125*ALOG(SCHMIA)-5.3
0031 00 TO 80

C -- UREL G T. 5.0 METER/SEC
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0032 75 BA - D6*(SCHMIA**(2. /3. )-D7)*SGRT(HX)-2. 5*SCT*ALOG(HX)
1 +D÷*SCT

C
0033 80 CONTINUE
0034 ZA D2 * UXA / VISA
0035 SCT - Dl

C
C ** DAN - DALTON NO. FOR AIR **
C

0036 85 DAN - 1.0/(2. 5*SCT*ALOO(ZA)4BA+D3)
C
C

0037 100 EVAPM - DAN * DENA * UXA * CSA
C- -- --------- --- ------------

C
0038 999 RETURN
0039 END
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CcCcccccccccccccCcccccCccCcccCC~~c~ccCCcCCCCcccccCCCtcCCcCCCCCccC~ccCccc
C SUBROUTINE FCN11I
C SIMULTANEOUS EQUATIONS FOR MODEL 1. Ai
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCýCCCCCCCCCuCCCCCCCc
C
C THIS SUBROUTINE IS CALLED BY "RUNKUT" THROUGH "INTE". IT CONTA
C THE GRAVITY-VISCOUS SPREADING EQUATIONS FOR AN INSTANTANEOUS
C SPILL IN A RIVER.

0001 SUBROUTINE FC!41 (N,TIME,YY,YPRIME)
0002 COMMON/SPREAD/TI IAT. HTK, ATN, HTN. HPIN. INDEXI IFLAC
0003 COMMON/STYPE/SPILLM. SPILMR. TSPILL. WS. STP. SPPM
0004 COMMON/CHEMI/DENO. DCA. DCW. CS, CMW.
0005 COMMON/WATER/DENW. VISW. GR
0006 COMMlN/ENVOR/PV. VISA. DENA, TDC
0007 COMMON/SIZE/A. D.WW. Li.L2, H.RO
0006 COMMON/MLOSS/EVAPM, DISSOM
0009 COMMON/MASS/TOTALS. TOTALD, TOTALM, OMAESS
0010 COMMON/INTER/COEF. SIGWA. SICOA. SIGOW, SIC
0011 COMMON/CK/ClOC20.Cll.C21.Cl2.C22,KlOK2O.KllK21,

1 IK12,K22
0012 COMMON/PRIM/PRIME(5). IDEB.KAK
0013 REAL YPRIME(5).YY(5)
0014 REAL Kl0.IK20,Kl1.K2lKl2,K22
0015 YPRIMF(4) - EVAPM*YY(l)
0016 YPRIME(5) - DISSOM.YY(1)
0017 DLOSS - YPRIPIE(4)+YPRIME(b)
00169 YPRIME(2) - 2.76.(((SIG*WW.d.W/DENW)**2/VISW)**(1./3. ))

I /(YY(2)**(i.0/3.0))

0019 YPRIr¶E1l - 2. 38*(C20*.48. /3. )).UGR*wW.WWm.COEF)*402/VISW)
1 **(1. /3. )*(YY(3)**(4. /3. ))/2rY(l)**(l. /3. )
2 -DLOSS/(2.0*DENO*YY(3))

0020 YPRIME(3) -- (YY(3)*YPRIME(1)+DLOSS/DENO)/YY(l)
0021 DO 100 lID-IS5

C

0022 PRIME(rlD)-YPRIME(IID)
0023 100 CONTINUE
0024 RETURN
0025 END
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cccccccccccccccc~ccccccccccccccccccccccccccccccccecccccccccccccccccccccc
C SUBROUTINE FCN12
C SIMULTANEOUS EQUATIONS FOR MODEL. 1. B
cccccccccccCc~cCcc~c~ccccccccccc~cCCcccccccc~cc~cccccccccccCcccccccccccCc
C
C THIS SUBROUTINE IS CALLED BY "RUNKUT" THROUGH "INTE". IT CONTA
C THE GRAVITY-VISCOUS SPREADING EQUATIONS FOR AN INSTANTANEOUS SP
C IN OPEN WATER.
C

0001 SUBROUTINE FCN12 (N.TIME.YY,YPRIME)
0002 COMMON/SPREAD/TII. ATK. Mm. ATN. HTN. HMIN, INDEX, IFLAG
0003 COMION/STYPE/SPILLN. EPILMR. TSPILL, WS. STP, SPM
0004 COMMON/CHEMI/DENO. DCA. DCW, CS. CMW
0005 COMMON/WATER/DENWVISI.JCR
0006 COMPION/ENVOR/PV, VISA. DENA. TDC
0C)7 COMMON/SIZE/R D, WW. Li.L2. H.RO
0008 COMMON/MLOSS/EVAPM. DISSOM
0009 COMMON/INTER/COEF, SIGWA. SIGOA. SIQOW, SIC
0010 COMMON/CK/Cl0,C20,Cll,C2l,Cl2,C22,AIO,IK20,KllK21,

1 K12,K22
0011 COMMON/PRIM/PRIME(5). IDEB. K~K

70012 REAL YPRIME(5),YY(5)
0013 REAL Kl0,K20,KllK21,K12,K22
0014 PI-ACOS(-1.)
0015 YRE()=EVAPM*YY(l)
0016 YPRIME(5) -DISSOM*YY(l)
0017 DLOSS - YPRIME(4)+YPR'IME(5)
0019 YPRIME(2) - 6. 02*( ((SIQ/DENW)**2/VISW)**(1. /3. ))

I *(YY(2)**(1. /3. ))
C

0019 YPRIME(1) - O.5-*(PI*(K204*2. ))**2. )*(((GR*COEF)*42/VISW)
1 *4(1./3. ))*(YY(3)**(4./3. ))*(YY(1)**(1./3.))
2 -2. /3. .DLOSS/(DENO*YY(3))

C
0020 YPRIME(3) - -(YY(3)VYPRIME( 1)+DLOSS/DENO) /VY( 1)
0021 DO 100 IID-1,5

C
C *4PRIME ARE VARIABLES USED IN "CHEA(MS" *

C
0022 PRIME(IID)-VPRIME(IID)
0023 100 CONTINUE
0024 RETURN
0025 END
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CccccCCCcCcCCCccccCcCccc~cCccCccccccccCccccCCCcCcCCccCcc~cCccccccCCcCcccc
C SUBROUTINE FCN21
C SIMULTANEOUS EQUATIONS FOR MODEL 2.A
cCcCCCCCCCccccccccccccccccCCcCcCCCCCCcccc~cCcCCCCccCCCCCCCcccccCc~cCc~ccc
C
C THIS SUBROUTINE IS CALLED BY "RUN&AUT" THROUGH "INTE". IT CONTAI
C THE GRAVITY-VISCOUS SPREADING EQUATIONS FOR A CONTINUOUS SPILL
C IN A RIVER WITH NO CURRENT OR WIND.
C

0001 SUBROUTINE FCN21 (NTIMEYYYPRIME)
0002 COMV9ON/SPREAD/TIl. ATK. Mm, ATN. HTN. HMIN. INDEX, IFLAG
0003 COMtMON/STVPE/SPILLM, SPILMR. TSP ILL. US.STP. SPM
0004 COMMON/CHEMI/DENO. DCA. DCW, CS. CMW
0005 COMMON/WATER /DENW. VI SW. CR
0006 COMMON/ENVOR/PY, VISA. DENA, TDC
0007 COMMON/SIZE/R, D. W. LI.L2, H.RO
0006 COMMON/It.OSS/EVAPM. DISSOM
0009 COMMON/INTER/COEF, SIQWA, SIG0CA, 510W.SIC
0010 COMMON/CK/ClCC20,CllC2lCl2,C22d'dOK'20,K11.K21,

I K12,K22
0011 COMMON/PRIM/PRIME(5), IDEB. KAK
0012 REAL YPRIME(5,YY(5
0013 REAL KlO.K20,AllK21,K12,K22
0014 YPRIME(4) - EVAPM*YY(l)
0015 YPRIME(5) - DISSOM4YY(l)
0016 DLOSS - YPRIME(4)+YPRIME(5)
0017 YPRIME(2) - 2.76*(((SIC*WW/DENW)**2/VISW)**(1./3.))

1 /(YY(2)**(1.0/3.0))
0018 SPM-SP ILMR-DLOSS-DENQ4HTN.YPR IME (2)
0019 IF(SPM.LE.O.O) COTO 998

C
0020 YPRIME(I) - 2. 38.(C21*e(S. /3. ))*(C(CR*WW4COEF).42/VISW)

1 -4(1. /3. ))*(YY(3)41*(4./3. ))/(YY(L)**(l. /3. )
2 -DLOSS/(2. 0&DENO*YY(3))
3 -0. 5*(HTN/YY(3))*YPRIME(2)
4 + SPILMR/(2.0*DENO*YY(3))

C
0021 YPRIME(3) - -(YY(3)*YPRIME(1)+HTN*YPRIME(2)+

1 DLOSS/DENJ-SPILMR/DENO)/YY( 1)
0022 999 DO 100 II0-1.5

C
C 4.PRIME ARE VARIABLES USED IN "CHEKMS" *
C

0023 PRIME.:IID)-YPRIME(IID)
0024 100 CONTINUE
0025 999 RETURN

0026 END
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C SUBROUTINE FCN22 C
C SIMULTANEOUS EQUATIONS FOR MODEL 2. B
CCCCCCCCCCC CC CCCCC CCCCCCCCCC CC CCCCCCCCCCC CCCCCCCC CCCCCCCCCCCCCCCC CCCCCCCC
C
C THIS SUBROUTINE IS CALLED 3Y "RUNKUT" THROUGH "INTEt . IT CONTAI?ý
C .THE GRAVlTY-VISCOUS SPREADING EQUATIONS FORA CONTINUOUS SPILL
C IN OPEN WATER WITH NO CURRENT OR WIND.
C

0001 SUBROUTINE FCN22 (N, TIME,VYYVPRIME)
* 0002 COMMON/SPREAD/TiIIATK.HTh, ATN.HTN,HMIN. INDEX, IFLAC

0003 COMMON/STYPE/SPILLM. SPILMR. TSPILL. WS. STP. SPM
0004 COMMO)N/CHEMI/DENO. DCA. DC2I, CS.'CMW
0005 COMMON/WATER/DENW.VISW,GR
0006 COMMON/ENVOR/PV, VISA. DENA, TDC
0007 COMMON/SIZE/'R. 0.WW. LI.L2. H.RO
0008 COMMON/MLOSS/EVAPM, 0155CM
0009 COMMON/INTER/COEP. SIOWA. SIGOA. SIQOW, SIC
0010 COMMON.'CK/ClO.C20.CI11C2l.Cl2.C22,K10.K20.Kll.K21,

1 K12,K22
0011 COhiMON/PRIM/PRIME(5). IDEB,KKK
0012 REAL YPRIME(3),YY(5)
0013 REAL K1,2.l,2,l,2
0014 PI-ACOS(-l.)
0015 YPRIME(4) - EVAPM*VY(l)
0016 YPRIME(5) - DISSOM*YY(l)

*0017 DLOSS - YPRIME(4)+YPRIME(5)

0018 YPRIME(2) - 6.02.(((SIC/DENW)u*2/VISW)**(l. /3.))
1 *(YY(2)*-*(1. /3. )

0019 SPM-SPILIIR-DLOSS-DENO*HTN*YPRIME (2)
0020 IF(SPM.LE.O.O) GOTO 998

C
0021 YPRrmE(l) - 0. 5.((PI.K21*-*2. )**2.)*(((GR*COEF),*.2/VISW)

1 *-*(1./3. ))4A(YY(3)**(4. /3. ))*(YY(1)**(1. /3. )
2 -2. /3. *DLOSS/(DENO*YY(3))
3 -2. /3. 4(HTN/YY(3) )*YPRIME(2)
4 + 2. /3. *SPILMR/(DENO*YY(3))

C
0022 YPRIME(3) - -(YY(3)*YPRIME(1)-+4TN.YPRIME(2)+

1 DLOSS/DENO)-SPILMR/DENO)/YY( 1)
0023 998 DO '100 IID-1,3

C
C *4PRIME ARE VARIABLES USED IN "CHEKMS" *
C

0024 PRIME(IID)-YPRIME(IID)
0025 100 CONTINUE
0026 999 RETURN
0027 END
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CCCCCCCCccccCc~cCCcCcccccccccccCccccc~c~CcCCcCcCcccccCc~ccCCcccccCcCCccc
C SUBROUTINE FCN41
C SIMULTANEOUS EQUATIONS FOR MODEL 4A
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCc
C
C THIS SUBROUTINE IS CALLED BY "RUNKUT" THROUGH "INTE". IT CUNT
C THE GRAVITY-VISCOUS SPREADING EQUATIONS FOR A CONTINUOUS SPILL
C A RIVER WITH CURRENT OR WIND.
C

0001 SUBROUTINE FCN41 (N TIME,VYYYPRIME)
0002 COMMON/CONSTAT/UC. VW, UTIAR. U0, UlWlT.ALPH, THETAl
0003 COMV4ON/SPREAD/TII,ATK.HTW.ATN,HTN.HMIN. INDEX...IFLAG
0004 COMMON/STYPE/SPILLN. SPILR, TSPJLL. WS, STP, 6PM
0005 CDPIMON/CHEMI/DENO. DCA. DCW, CS. CMW
0006 COMPION/WATER/DENIWVI SW, R

*0007 COMMON/ENVOR/PV, VISA, DENA, TDC
0008 COMMON/SIZE/R. D.WW. LI La.H. RO
0009 COMMON/MLOSS/EVAPM. DISSOM
0010 COMP¶ON/INTER/COEF. SIOWA. SIGOA. SIQOW. SIG
0011 COPMtN/CK/ClO.C20,ClI,C2lCI2,C22,KIO,K20,Kll.K21,

1 K12PK22
0012 C0PIMON/PRIM/PRIME(5),IDEUaP(KX
0013 REAL YvPRIME(5),YY(5)
0014 REAL K10.K20.KI1.K2l#Kl2.K22
0015 YPRIME(4) - EVAPM*YY(l)
0016 YPRIME(5) - DISSOM*VY(1)
0017 DLOSS -YPRIME(4)+VPRIME(5)
0018 15 SPILLW -WW

C
0019 20, VPRIME(2) - 2.76.(((SI.*WW/DENbd)..2/vrSW)*e(l./3.))

1 /(YY(2)**(l./3. ))
0020 SPM-SP ILNR-DLOSS-DENO.*HTN*VPR IME(2)
0021 IF(SPM.LE.0.0) COTO 998

C
0022 YPRIME(l) - 2. 38*(C22**(B. /3. ))*((GR*WW*COEF)*42/-ISlJ)*4(l. /3.

1 *(YY(3).*(4. /3. ))/%YY(1).-*(l. /3. ))
2 -OLOSS/(2. 0*DENO*YY(3))
3 -0. 5*{HTN/YY(3))*YPRIME(2)
4 + SPILMR/(2.0.DENO*YY(3))+ SPILLW 4UTBAR

C
0023 VPRIME(3) - -(YY(3).YPRIMiE(1).HTN.VPRIME(2).+

1 DLOSS/DENO-SP !LMR/DENO)/IYY( I)
0024 998 Do 100 IID-1.5

C
C .. PRIME ARE VARIABLES USED IN "CHEKMS" *

C
0025 PRIME(IID)-YPRIpME(:ID)
0026 100 CONTTNUE
0027 9P.?9 RETURN
0028 END
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I' cccccccccccccccccccccc, :cccccccccccccccccccccccccccccccccccccccccccccc
C SUBROUTINE FCN42
C SIMULTANEOUS EQUATIONS FOR MODEL 4B

C C
C THIS SUBROUTINE IS CALLED BY "P.UNKUT" THROUGH "INTE". IT CONT
C THE EQUATIONS FOR GRAVITY-VISCOUS SPREADING OF A CONTINUOUS SP

C IN OPEN WATER!WITH A CURRENT OR WIND.
C

0001 SUBROUTINE FCN42 (N,. 'ME, YYYPRIME)
0002 COPMMON/CONSTAT,/LC, VW. UTBAR. UC.UI. WT, ALPH. THETAI
0003 COMMON/SPREAO,/TII. AT)K, HTK ATN. HTN. HMIN. INDEX. IFLAG
0004 COtMON/STYPE/SPILLM. SFILM.T8PILL,. WS. STP. SPM
0005 COMMON/CH-EMI/DEN0. LCA. DCW, CS. CMW
0006 COMMON/ WATER /DENW. VI SW. OR
0007 COMMON/ENVOR/PV. VISA. DENA, TD
0008 CCf"1PON/SIZE/R.,D,WW.Ll,L2.H,RO
0009 COMMON/MLOSS/EVAPM,DISSOM
0010 COMPION/INTER/COIEF. SIOWA. SIGGA. SIGOW. SIG
0011 COMMNC/I.C0C C1Cl,2,IK0KlK1

1 K12.,K22
0012 COMMON/PRIM/PRIMIE(5). IDEB.~KI'
0013 REAL YPRIME(5).YY(5)
0014 REAL KlO.K2,I4A1,K21,Kl2~,K22

* -0015 YPRIME(4) - EVAPM*YY(1)

0016 VPRIME(5) - DISSOM*YY(1)
0017 DLOSS - YPRIME(4..YPRIME(5)

0018 YPRIME(2) - 2.06.(((SIG.(UTBAR*4*2)/DENW)..2/VISW)*4(l./7. ))
1 *(YY(2)**(3. /7. ))

C
0019 6PM - SPILMR -DLOSS-DENO*HTN*YPRIME(2)

C
0020 IF (5PM. LE. 0. 0) GO TO 9"f

C
0021 YpRime(i) -(11./B. )*(K22..(5. /11. ))*((UGR*COEF*(UTBAR**2))**4

I /VISW)*'(1./11. ))*(USPM/(2.0*DENO))**(4./11. ))
* 2 *(YY(1)**(3./11. ))

C
0022 VPAIME(3) -- (YY(3)*VPRIME(1).HTN*YPRIME(2).

I DLOSS/DENO-SPILMR/DENO)/YY( 1)
002 C
003 998 DO 100 1IID 1, 5

C
C *4 PRIME ARr- VARIABLES USED IN "CHEKMS" *

C
0024 PRIME( IID)-VPRIME' 110)
C,025 100 tIONTINUE
0026 999 R~ETURN
0027 UNO
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccCCCCCCCc
C SUBROUTINE GROUND IS USED TO C
C DETERMINE WHETHER THE SLICK HAS HIT C
C THE BOUNDARY LINE(S) C
cccccccccccccccccccccccccccccccccccccccccccccc•cccccc
C
C THIS SUBROUTINE IS CALLED BY "SPREAD"ý IT DETERMINES IF THE
C SLICK HAS HIT THE COASTLINE. IF IT HAS HIT, IT RETURNS
C IH-99
"C OTHERWISE, IT RETURNS
C IH-O
C

0001 SUBROUTINE GROUND(IH)
"0002 . COMMON/SIZE/R, D, WW, LI, L2. H, RO
0003 COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELTo TIME0 TSTOP, TCHECK
0004 COMMON/CONTOUR/SHAPE, X(10), Y(10), XC, YC, IC, IW. ISP, XO, YO
0005 ' COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
0006 COMMON/RUNGE/IY(5),C(24),W(5,30)
"0007 COMMON/CONSTAT/UC, VW, UTBAR, UO, Ul,WT, ALPH, THETA1
0008 ISTP - STP

' 0009 IH - 0
0010 PI - 3.141592
0011 IF (STP. EQ. 4.2) GO TO 7

C
C ** IF STP IS NOT 4. 2, ALL OPEN WATER SLICKS ARE CIRCULAR *4
C *4 SO COMPUTE RADIUS OF SLICK - RAD *4
C

0012 RAD - SQRT(YY(1)/PI)
0013 GO TO 9

C
C .. IF STP IS 4. 2, SLICK IS TRIANGULAR, SO COMPUTE WIDTH - RAD
"C

0014 7 RAD - YY(1)/(UTBAR*TIME)
"0015 XC - XLE
0016 YC - YLE
0017 9 IF (SHAPE. EQ. 3.2. OR. SHAPE. EQ. 2.3) O0 TO 10
"0018 00 TO 100

C FOR ARBITRARY LAKE OR COAST, COMPUTE DISTANCE FROM LEADING
V C EDGE (CONT. ) OR CENTER (INST. ) OF SLICK TO EACH BOUNDARY

C POINT, AND DETERMINE IF RAD > THE DISTANCE. IF SO, SLICK
C HAS HIT COAST
C

0019 10 DO 20 1-1,10
0020 25 Xl - (XC-X(I))*(XC-X(I)).(YC-Y(I))*(YC-Y(I))

0021 20 IF ((R**2). OT. Xl) GO TO 30
0022 GOTO 40
0'023 30 IH - 99
0024 GO TO 999
0025 O IH - 0
0026 GO TO 999
"0027 50 IDH = 1
0028 GO TO 25

C FOR A STRAIGHT COAST, COMPUTE DISTANCE FROM LEADING EDGE (CONT.
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C OR CENTER (INST.) TO STRAIGHT LINE AND DETERMINE IF RAD > DISTANI
C IF SO, SLICK HAS HIT COAST.
C

0029 100 IF (SHAPE.NE3.31) GO TO 200
0030 120 SS - (Y(2)-Y(l))/(X(2)-X(1))
0031 Xl - (SS*(YC-Y(1))÷X(1)*SS*SS-XC)/(SS*SS+1.0)
0032 YI - (SS*(XC-X(1))÷YC*SS**2÷Y't))/(SS**2+1.0)
0033 SS - (XC-X1)*(XC-X1)+(YC-Y1)*IYC-Y1)
0034 IF ((RAD**2).LE.SS) 0O TO 999
0035 IH - 99
0036 CO TO 999
0037 200 IF (SHAPE. NE. 2.2) 00 TO 300

C
C FOR A RECTANGULAR LAKE, CHECK DISTANCE FROM LEADING EDGE (CONT.)
C OR CENTER (INST. ) TO ALL 4 EDGES AND DETERMINE IF RAD > DISTANCE.
C IF SO, SLICK HAS HIT COAST.

0038 DO 220 I1,4
0039 IF (I.EG.4) GO TO 214
0040 IF (I.EQ.3) CO TO 213
0041 IF (I.EQ.2) ,gO TO 212
0042 XI-XC
0043 YI=O.O
0044 COTO 215
0045 212 XI-FLOAT(LI)
0046 Y1-YC
0047 COTO 215
0048 213 XI-XC
0049 YI-FLOAT(L2)
0050 COTO 215
0051 2,14 XI-0.0
0052 YI-YC
0053 215 SS - (XC-X1)*(XC-X1)+(YC-Y1)*(YC-Y1)
0054 IF ((RAD**2) LE.SS) CO TO 220
0055 IH - 99
0056 00 TO 999
0057 220 CONTINUE
0058 IH - 0
0059 CO TO 999
0060 300 CONTINUE

C IF (RAD + OFFSET OF LEADING EDGE (CONT. ) OR CENTER (INST.) OF
C SLICK FROM CENTER OF CIRCULAR LAKE) > RADIUS OF LAKE,
C SLICK HAS HI THE COAST.

0061 Xl - RAD * SORT((XC-XO).*(XC-XO)+(YC-YO)*(YC-YO))
0062 IF (XI ..E.R) QO TO 999
0063 IH - 99
0064 999 RE jRN
0065 :ND)
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CCcCCCCCCccccCCCcCCCccccCcCCCCCCCCcCCCCCCCCCccccccccccccccCCcCCCCccCCcCC
C SUBROUTINE INIT CL

C THIS SUBROUTINE MANIPULATES AND DETERMINES WHICH C
C SUBROUTINE SHOULD BE USED TO CALCULATE INITIAL CONDITION C
CCCCCCCCcccCccCCCCCCCCCcCCccCcCcCccCCcccCcCc CCCccccccCccCCCCcCCCccCC
C
C THIS SUBROUTINE IS CALLED BY "SPREAD". IT CALLS ONE OF 4
C SUBROUTINES TO COMPUTE EITHER THE END OF THE GRAVITY-INERTIAL
C PHASE OF SPREADING, OR, FOR A RIVER, THE TIME REQUIRED FOR THE
C SLICK TO SPREAD ALL THE WAY ACROSS THE RIVER WIDTH. IT'WILL
C RETURN WITH
C
C * TII - INITIAL TIME FOR USE IN MAIN INTEGRATION ROUTINE OF
C GRAVITY-VISCOUS SPREADING
C * ATK -'INITIAL VALUE OF THICK SLICK AREA
C * ATN - INITIAL VALUE OF THIN SLICK AREA
C * HTK - INITIAL VALUE OF THICK SLICK THICKNESS
C ***.*.4..*.*444.**** **********

0001 SUBROUTINE INIT

0002 COMMON/STYPE/SPILLM, SPILLMR, TSPILL.WS, STP, SPM
C

0003 10 IF (STP. Ea. 1. 2. OR. STP. EQ. 2. 2) go TO 50
0004 IF (STP. EQ. 1. 1. OR. STP. EQ. 2. 1) GO TO 40
0005 IF (STP .EG.4. 2) 00 TO 30

C MUST BE MODEL 4. A (USE INITIAL 4. A)
C 4* CONTINUOUS SPI*.L IN RIVER, VELOCITY ) 0 *4

C
0006 20 CALL INIT4A
0007 IF (STP.EQ. 1. 1) 00 TO 10
0008 00 TO 99

C USE INITIAL 4.B
C. * CONTINUOUS SPILL IN OPEN WATER, VELOCITY > 0 *4

C
0009 30 CALL INIT4B
0010 IF (STP. E. 1. 2) GO TO 10
0011 gO TO 90

C USE INITIAL 1.2.A
C 44 INSTANTANEOUS OR CONTINUOUS SPILL IN RIVER. IF CONTINUOUS,
C ** VELOCITY - 0.
C

0012 40 CALL INT12A
0013 00 TO 99

C USE INITIAL 1.2.B
C .4 INSTANTANEOUS OR CONTINUOUS SPILL IN OPEN WATER. IF CONTINUO
C 44 VELOCITY - 0.
C

0014 50 CALL INT12B
C

0015 99 RETURN
0016 END
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0001 SUBROUTINE INT12A
C

C * CALCULATE INITIAL CONDITIONS FOR MODELS 1A & 2A
C * INSTANTANEOUS OR CONTINUOUS IN RIVER OR CHANNEL,
C * IF SPILL IS CONTINUOUS, UTBAR MUST BE ZERO

C-I C
C THIS SUBROUTINE IS CALLED BY "INIT". IT CALCULATE3 THE INITIAL
C CONDITIONS FOR INSTANTANEOUS OR CONTINUOUS SPILLS IN A CHANNEL.
C FOR A CONTINUOUS SPILL, THE CURRENT AND WIND MUST BE ZERO;
C OTHERWISE, "INIT4A" WILL BE CALLED.
C

0002 COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STPY SPM
0003 COMMON/CHEMI/DENOoDCA, DCW, CS, CMW
0004 COMMON/WATER/DENW,VISW,GR
0005 COMMON/ENVOR/PV, VISA, DENAo TDC
0006 COMMON/INTER/COEF, SIOWA, SIGOA, SI0W. SIG
0007 COMMON/SPREAD/TII,ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG
0008 COMMON/SIZE/R,, 0WW, LI, L2,H, RO
0009 COMMON/RUNGE/YY(5),C(24),W(5.30)
0010 COMMON/MOVE/UPEAK(10),XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
0011 COMMON/CONTOUR/SHAPEX(10),Y(I0),XCYCIC, IW. ISP,XOYO
0012 COMMON/UAVE/UCXI,UCYIVWX1,VWYI
0013 COMMON/PRIM/PRIME(5),IDEB, KKK
0014 COMMON/SENSE/EVA(40, 10),DIS(40, 10),THK(40. 10).TIN(40, 10),

1 PIP(40),TPT
0015 COMMON/CKICIO,C20,C11,C21,C12,C22,K10,K20,K11lK21,

1 K12,K22
0016 COMMON/CONSTAT/UC, VW, UTBAR. UO, Ul1 WT, ALPH, THETAI
0017 REAL Kl0,K20.K11,K21,K12.K22

C
C .- STP - 1. 1 (INST.) OR 2. 1 (CONT.) FOR THIS SUBROUTINE (RIVERS)
C

0018 I - STP
0019 PI-ACOS(-I.)
0020 GO TO (201,101) I

C
C MODEL 2A IS BEING USED
C 44. (CONTINUOUS SPILL IN THE CHANNEL) 4*4

C
0021 101 TIA - ((SPILMR/(DENW*WW))**2/(GR*COEF*VISW**(3. /2. )))**(2. /3.)

$ *((C21/CII)*-8.)
C
C *. TIA - END OF GRAVITY-INERTIA SPREADING FOR A CONT. SPILL *
C

0022 IF (TIA. GE. TSPILL) GO TO 110
0023 GO TO 210
0C24 110 WRITE (1,112)
0025 WRITE (6,112)
0026 112 FORMAT (IH1//IX,

1 1X,48HTHE SPILL TIME IS SO SHORT THAT AN INSTANTANEOUS,/
2 1X, 31H SPILL WILL GIVE BETTER RESULTS)

C
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C 4. SPILL IS SWITCHED TO INSTANTANEOUS WITH **
C ** SPILLED MASS - DISCHARGE RATE * DISCHARGE TIME' *

0027 STP -1.1 1
0028 SPILLM - SPILMR * TSPILL

C
C MODEL IA IS BEING USED
C *e (INSTANTANEOUS SPILL IN THE CHANNEL) *
C

0029 201 CONTINUE
0030 VO - SPILLM/DENO
0031 TIA-((VO/WW)**4. /((VISW**3. )*(GR*COEF)**2. ))**(l. /7. )*

((C20/C10)**(24./7.))
C
C *4 TIA - END OF gRAVITY-INERTIA SPREADING FOR AN INST. SPILL **
C

0032 210 I - STP
0033 GO TO (240,220) 1

C -- CALCULATE TIB AND RIB BY USING MODEL 2B -

C (2A IS THE CURRENT MODEL)
C

C FOR A CONTINUOUS SPILL, USE OPEN WATER MODEL TO COMPUTE TIME
C FOR SPILL TO SPREAD ACROSS RIVER. FIRST, COMPUTE THE CONDITIONS
C AT END OF GPAVITY-INERTIA PHASE FOR OPEN WATER.
C

0034 220 TIB - SORT(SPILMR/(GR*COEF*DENW*VISW))*((K21/Kl1)**6.
C
C ** TIB - END OF GRAVITY-INERTIAL PHASE FOR A CONT. SPILL *4

C ** IN UPEN WATER **
C,

0035 AIB - (((SP:LMR/DENW)**5/(VISW**3*gR.COEF))**0. 25)*
(PI*C21*'2. *(C21/C20)*-7.)

0036 RIB a SORT (AIB/PI)
C
C * RIB - RADIUS OF GRAVITY-INERTIA PHASE SLICK FOR CONT. *4
C *e SPILL IN OPEN WATER *
C

0037 GO TO 260
C
C --- CALCULATE TIB AND RIB BY USINQ MODEL 1B
C (IA IS THE CURRENT MODEL)

C FOR AN INSTANTANEOUS SPILL, USE OPEN WATER MODEL TO COMPUTE TIME
C FOR SPILL TO SPREAD ACROSS RIVER. FIRST. COMPUTE THE CONDITIONS
C AT END OF GRAVITY-INERTIA PHASE FOR OPEN WATER.
C ************************4***44**44********4**4*44**4*9

0038 240 TIB - (VO/(GR.COEF*VISW))**(I./3. )*((K20/K10)**4.
0039 AIB = (VO**(2./3. )) * (GR*VO*COEF/(VISW**2))**(l. /6. )*

$ (PI*K20**2. *(K20/KIO)**2.)
0040 RIB - SORT(AIB/3. 141593)

C
C ** TIB - END OF GRAVITY-INERTIA PHASE FOR INST. SPILL IN **

C •* OPEN WATER *4
C ** RIB - RADIUS OF GRAVITY-INERTIA PHASE SLICK FOR INST. **
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C ** SPILL IN OPEN WATER
C

0041 260 CONTINUE
0042 IF (RIB. LT. (WW/2 0)) GO TO 400

C
C
C IF RIB < WW/2, THE SLICK WILL SPREAD SOME MORE AS AN OPEN
C WATER SLICK, BUT NUMERICAL INTEGRATION IS REGUIRED.
C
C

0043 IF (TIB. GE. TIA) GO TO 280
C
C
C IF TIB > TIA, OPEN-WATER SLICK HAS SPREAD ALL THE WAY ACROSS
C RIVER, BUT NEED TO REDUCE TIME SOME TO FIND ACTUAL TIME TO
C SPREAD ACROSS RIVER.
C
C

0044 TII - TIA
C
C ** TIB < TIA, SO INITIAL TIME TII - TIA **
C

0045 GO TO (261.262) I
C
C USE MODEL IA TO COMPUTE INITIAL AREA AND THICKNESS
C

0046 261 ATK=2.*C20*((c20/CIO)**(9./7. ))*((VO**4.*WW**2. )*.*(i./7. ))*
• $ ((GR*COEF*VO/VISW**2.)**(I./7. ))

0047 HTK - VO/ATK
C
C
C ATK AND HTK ARE INSTANTANEOUS SPILL THICK SLICK AREA AND
C THICKNESS AT TIME SLICK HAS SPREAD ACROSS RIVER.
C
C

0048 IF(IC. GE. 2) GOTO 265
C
C
C XC - NEW SPILL CENTER LOCATION XC AFTER BEING TRANSPORTED
C DOWNSTREAM (INSTANTANEOUS)
C
C

0049 XC-XO + (UCXI+O.025*VWXI)*TIA
0050 GOTO 270
0051 265 XC-XO÷(UO*TIA-<WT/(2.*PI*TIA)>*(COS(2.*PI*(TIA+ALPH)/WT)

1 -COS(2.*PI*ALPH/WT))+O. 035*VWX1)*TIA
0052 GO TO 270

C
C USE MODEL 2A TO COMPUTE INITIAL AREA & THICKNESS
C

0053 262 ATK - 2.*C21*((C21/C11)*7. )*(WW*(SPILMR/(WW*DENW))**(5 /3. )/
1 (VISW4- (OR*COEF)*-*(1. /3 )))

0054 HTK - (SPILMR*T]I-DENO*8. O*ATK*HTN)/(DENO*ATK)
C
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C ATK AND HTA ARE CONTINUOUS SPILL THICK SLICK AREA AND THICKNESS
C AT TIME SLICK HAS SPREAD ACROSS RIVER.
C
C

0055 270 ATN - S.0*ATK
C
C *4 ATN - THIN SLICK AREA *
C

0056 00 TO 300
0057 280 CONTINUE
0058 TII - TIB * SORT(WW/(2.O-RIB))
0059 ATK - AIB*TII/TIB

C
C *4 INITIAL TIME AND AREA WHEN RIB ) WW/2 AND TIB > TIA. **
C

0060 00 TO (281.282) I
C
C USE MODEL 1. A TO CALCULATE INITIAL THICKNESS(INSTANTANEOUS)
C

0061 281 HTK - VO/ATK
0062 00 TO 285

C
C USE MODEL 2. A TO CALCULATE INITIAL THICKNESS AND
C CORRECT FOR MASS IN THIN SLICK(CONTINUOUS)
C

0063 28r HTK - (SPILMR*TII-DENO*8. O*ATK*HTN)/(DENO*ATK)
0064 285 CONTINUE
0065 ATN - 8.0 * ATK

C
0066 290 IF (I.EQ.1) 00 TO 300
0067 IF (TII.LT.TSPILL) 00 TO 300
00648 WRITE (1,112)

C
C
C TIME REGUIRED TO SPREAD ACROSS RIVER > DISCHAROE TIME.
C SWITCH TO AN INSTANTANEOUS MODEL AND START OVER
C
C

0069 STP - 1.1
0070 SPILLM - SPILMR * TSPILL
0071 00 TO 201

C
0072 300 CONTINJE
0073 TIIT - TII/60.
0074 WRITE (1,301) ATK,TIIT
0075 WRITE (6,301) ATK,TIIT
0076 301 FORMAT (/1HI/IX,

1 60H41**41*4**'*• .*** ******..*.********• *****
2 /1Xo35HTHE THICK SLICK HAS SPREAD OVER THE,

2 15H CHANNEL WIDTH. /1X,21HIT COVERS AN AREA OF
2 F15. 2, 2X, 13HSQUARE METERS,/1X, 15HAFTER A TIME OF,
3 F15. 7,2X,7HMINUTES)

0077 00 TO 699
C

0078 400 CONTINUE
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C
C
C ROUTINE TO NUMERICALLY INTEGRATE OPEN WATER MODELS IN
C GRAVITY-VISCOUS PHASE UNTIL SLICK SPREADS ACROSS RIVER
C
C

0079 TII - TIB
0080 ATK - AIB
0081 GO TO (401,402) I

C
C USE MODEL 1B TO CALCULATE INITIAL THICKNESS(INSTANTANEOUS)
C

0082 401 HTK - VO/ATK
0083 GO TO 405

C
C USE MODEL 2B TO CALCULATE INITIAL THICKNESS
C (CORRECT FOR MASS IN THIN SLICK) (CONTINUOUS)
C

0084 402 HTK - (SPILMR*TII-DENOG*.0*ATK*HTN)/(DENO*ATK)
0085 405 CONTINUE

C
0086 TIME-TII
0087 YY(1)-ATK
0088 YY(2)-8.O*ATK
0089 YY(3)=HTK
0090 YY(4) = 0.0
0091 YY(5) -0.0

C
C ** TEMPORARILY CHANGE TO OPEN WATER MODEL **
C

0092 IF (STP. EQ. 1.1) STP-1.2
0093 IF (STP. EQ. 2. 1) STP-2.2
0094 CALL TRANSP

C
C 4* INTEGRATE OVER ONE TIME STEP *
C

0095 410 CALL INTE(XEND)
C
C 4* CHECK FOR EVAPORATION PROBLEMS *
C

0096 IF(IDEB. EQ.O) THEN
0097 KKK-3
0099 IF(STP. EQ. 1. 2) STP-1. 1
0099 IF(STP. EQ. 2. 2) STP-2. 1
0100 GOTO 699
0101 ELSE
0102 ENDIF

C
C ** CHECK TO SEE IF SLICK HAS SPREAD ACROSS RIVER **
.

0103 IF (SQRT(YY(1)/3. 141593).GE. (WW/2.0)) CO TO 420
C
C ** SEE IF PRINTOUT TIME HAS OCCURRED **
C

0104 IJ - TIME
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0105 IK - TPT
0106 MD - MOD(IJ, IK)
0107 IF (MD.NE.O) GO TO 410
0108 CALL MOVE
0109 CALL PRINTO
0110 GO TO 410
0111 420 CONTINUE
0112 TB-TI11E

C
C * CHANE BACK TO INSTANTANEOUS MODEL IN RIVER *4
C

0113 STP - 1.1
0114 GO TO (442,422) I

C
0115 422 IF (TB. GE. TSPILL) GO TO 424

C
C ** CHANGE BACK TO CONTINUOUS MODEL IN RIVER *4
C

0116 STP - 2.1
0117 SPILLM-SPILMR*TB
0116 GO TO 442
0119 424 CONTINUE
0120 WRITE (1,112)
0121 WRITE (6,112)

C
C 44 IF TIME > DISCHARGE TIME, SWITCH TO INSTANTANEOUS MODEL **
C

0122 STP - 1.1
0123 SPILLM-SPILMR*TSPILL
0124 GO TO 201
0125 442 CONTINUE

C
C *4 SET INITIAL TIME - TII *4

C
0126 TII - TB
0127 ATK - YY(1)
0128 ATN - YY(2)
0129 HTK - YY(3)
0130 TOTALM - YY(1)*YY(3)*DENO
0131 DeIASS - SPILLM-TOTALM
0132 TIlT - TII/60.
0133 WRITE (1,444) ATKTIIT,DMASS
0134 WRITE (6,444) ATKTIIT, DMASS
0135 444 FORMAT (1HI//1X,

2 /1X,32HTHE THICK SLICK HAS SPREAD OVER
3 32HCHANNEL WIDTH AND COVERS AN AREA/IX,3HOF ,E12. 5,
4 2X, 29HSGUARE METERS AFTER A TIME OF, E12. 5, 2X, 9H MINUTES. /,
3 IX, 39HTHE MASS LOST FROM THE SLICK UP TO THIS,
4 BH TIME IS, E12. 5, 2X, 9"QKILOORAMS)

0136 699 RETURN
0137 END
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0001 SUBROUTINE INT12B
C
C ****444***44***********4************4*************4 *****

C * INITIAL CONDITIONS FOR MODELS 1.B AND 2.B *

C * SPILL IN OPEN WATER. IF SPILL IS *
C * CONTINUOUS, CURRENT MUST BE ZERO. *
C
C
C THIS SUBROUTINE IS CALLED BY "INIT". IT CALCULATES THE
C INITIAL CONDITIONS FOR INSTANTANEOUS OR CONTINUOUS SPILLS
C IN OPEN WATER. FOR A CONTINUOUS SPILL, THE CURRENT AND WIND
C MUST BE ZERO, OR ELSE "INIT4B" WILL BE CALLED.
C

0002 COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
0003 COMMON/CHEMI/DENO, DCA, DCW, CS, CMW
0004 COMMONWATER/DENW, VISW, GR

- - 0005 COMMON/SPREAD/TII, ATK. HTK, ATN, HTN, HMIN, INDEX, IFLAG
0006 COMMON/ENVOR/PV, VISA, DENA, TDC
0007 COMMON/INTER/COEF, SIOWA, SIGOA, SIGOW, SIG
0008 COMMON/SENSE/EVA(40, 10),DIS(40, 10),THK(40, 10). TIN(40, 10),

1 PIP(40),TPT
0009 COMMON/CONTOUR/SHAPE,X(10),Y(10),XC,YC, IC, IW, ISP,XOYO
0010 COMMON/UAVE/UCX1, UCY1, VWX1, VWY1
0011 COMMON/CK/CIOC20,Cll,C21,C12,C22,KlO,K20.Kll,K21,

1 K12,K22
0012 REAL K1OK20,KI1,K21,K12,K22
0013 PI"ACOS(-1.)

C
C *- STP - 1.2 (INST.) OR 2.2 (CONT.) - OPEN WATER *
C

0014 I1 -STP
0015 GO TO (10, 110) I

C
C -----------------------
C FOR INSTANTANEOUS SPILL IN OPEN WATER
C ----------------------- ------

0016 10 SPI - SPILLM
0017 VO , SPI/DENO
0018 15 TII - ((K20/KIO)**4.)*(VO/(GR*COEF*VISW)) ** (1.0/3.0)
0019 20 ATK - PI*(K20**2. )*((K20/K10)**2. )*(VO**(2. 0/3. 0)) *

(GR*VO*COEF/(VISW*VISW))5-*(1.0/6.0)
0020 HTK - VO/ATK

C
C *4**4*4***4144 *44***444***4******4*4*********4*****

C TII - END OF GROVITY-INERTIA PHASE
C ATK,HTK - THICK SLICK AREA AND THICKNESS AT END OF
C GRAVITY-INERTIA PHASE
C ******4444******4**444444***4**4*4********************-*
C

0021 XC-XO+(UCXI+0. 035*VWX1)*TII
0022 YC-YO+(UCY1+0. 035*VWYI)*TII

C
C ** XCYC , NEW VALUES 3F SICK CENTER LOCATION *
C

0023 00 TO 149
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C
C
C FOR CONTINUOUS SPILL
C

0024 110 TII 1 ((K21/Kll)*.6.)eSGRT(SPILMR/(GRmCOEF*DENWeVISW))
C
C *4 TII - END OF GRAVITY-IERTIA PHASE **

C
0025 IF (TII.LT.TSPILL) GO TO 120
0026 WRITE (1,112)
0027 WRITE (6,112)
0028 112 FORMAT (IHI//IX,

1 SOH*************-****4.****4****** ****** 4**** 444**, /

2 1X,48HTHE SPILL TIME IS SO SHORT THAT AN INSTANTANEOUS,/
3 IX.30HSPILL WILL GIVE BETTER RESULTS)

C

C 44 SINCE TII > DISCHARGE TIME, SWITCH TO INSTANTANEOUS MODEL **
C

0029 STP - 1.2
0030 SPILLM - SPILMR * TSPILL
0031 GO TO 10
0032 120 ATK - (PI*K21**2.*(K21/Kll)*7. )*((SPILMR/DENW)**5

/(VIS-*43. *GR*COEF)) - 0. 25
0033 HTK - (SPILMR*TII-DENOS. O*ATK*HTN)/(DENO*ATK)
0034 ATN - S. O*ATK

C
C ** ATK, HTK - THICK SLICK AREA AND THICKNESS AT END OF **
C GRAVITY-INERTIA PHASE *
C *4 ATN - THIN SLICK AREA AT END OF GRAVITY-INERTIA PHASE *
C

0035 149 CONTINUE
0036 RADIUS - SORT(ATK/3. 141593)
0037 TIIT - TII/60.
0038 WRITE (1,159) ATKRADIUSTIIT
0039 WRITE 16,159) ATK,RADIUSTIIT
0040 159 FORMAT (//1X,38HTHICK SLICK HAS SPREAD OVER A CIRCULAR,

I SH AREA OF,E12.5,14HSGUARE METERS./
2 IX, 17HWITH A RADIUS OF ,E12.5.6HMETERS,
3 16H AFTER THE FIRSTE12.5,7HMINUTES)

0041 RETURN

0042 END
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0001 SUBROUTINE INIlT4A

C *CALCULATE INITIAL CONDITIONS FOR MODEL 4A
C *CONTINUOUS IN A CHANNEL WITH A TRANSPORT VELOCITY
C 4OF UTBA
C *44444*4*4444*4444444444~4444444

C
C THIS SUBROUTINE IS CALLEDl BY "INIT". IT COMPUTES INITIAL
C CONDITIONS FOR A CONTINUOUS SPILL IN A RIVER WiTH A CURRENT.
C

0002 COMMIN/SIZE/R, D.WW. Li.L2. H, RO
0003 COMMON/STYPE/SPILLM. SPILM'R. TSPILL, WS, STP. 5PM
0004 COMMON/WATER/DENW. V 15W.GR
0005 COMM'ON/CHEYII/DENO. DCA, DCW. CS, CMW
000db COMMON/SPREAD/TII. ATK. HTh. ATN, HTN, HMIN. INDEX. IFLAG2
0007 COM ON/RUNCE/YY(5).C(24),W(5,30)
0008 COrWION/CONSTAT/UC. VW,UtTU3AR. UO. Ul.WT. ALPH. THETAl
0009 COMMON/TRAVEL/WTK. Z
0010 COMMiON/INTER/COEF. SIGWA. SIGOA. SIGOW. SIG
0011 COMI'ON/SENSE/EVA(40. 10),DIS(40. 10), TH$(40. 10). TIN(40, 10).

I PIP(40),TPT
0012 COMMON/MOVE/UPEAK( 10).XLE. XTE. VLE. VTE, DELT. TIME. TSTOP. TCHECK
0013 COPW¶CN/PRIM/PRIME(5), IDEDl,KKK
0014 COMMON/CK/CIOC20,CllC21,Cl2,C22.KlO,K20,K11.K21,

K12,K22
0015 REAL A10.K20.Kll,K21.K12,K22
0016 TIB -((K22/K12)'.(.24./7. ))*(SPILNR/(2.*DENW))**(4./7. )/

1 ((UTBAR'**(4./7. ))*(GR.COEF).*(2./7. )*(VISW**(3./7. )))
0017 ATKB K '22.((K22/Ki2).4C33. /7. ))*(SPILMR/(2. .DENW))*.(9. /7.)

1 /((UTB4AR**(2. /7. ))*(GR*COEF).*C1. /7. )*(V!SW*.(5. /7. )))
C
C' * TIE END 0O' SPAVITY-INERTIA PHASE .

C .ATKB -THICK SLICK AREA AT END CF GRAVITY- 4

C *4INERTIA PHASE 4

C
0016 IF (TIB. LT. TS ILL! 0O TO 50
0019 5 WRITE (1.10)
0020 WRITE (6.,10)
0021 10 FORMAT (//1X,44HSPILL lIME IS SO SHORT THAT AN INSTANTANEOUS,

1 /1X,31HMODEL WILL GIVE BETTER RESULTS.)
C
C 4*44444444444444444444444444444

C SINCE TIB > DISCHARGE TINE, SWITCH TO AN INSTANTANEOUSl
C SPILL (RETURN TO "INIT").
C 4444444 4*44*4444444444444444444

C
0022 STP -.
0023 SPILL?1 - SPILIR * TSPILL
0024 GO TO 299

C
C * WTK - WIDTH OF DOWNSTREAM END OF THICK SLICK *

C
o00' 50 WTW. - 2.O4*ATKB/(UTBAR.TIB)
0026 IF (WTK. GT. WW) GO TO 55
0027 GO TO 100
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C
C
C SINCE WTK > RIVER WIDTH, TIME AND SLICK AREA NEED TO BE
C REDUCED ACCORDINGLY TO GET I14ITIAL C.D'ZIONIC.

C
0028 55 TII - TIB*(WW/WTK)
0029 ATK - AT.4B*(TII/TIB)**2

C
C *4 TII AND ATK ARE INITIAL CONDITIONS FOR TIME AND THICK *4
C *4 SLICK AREA.
C

0030 IF (TII. OT. TSPILL) GO TO 90
0031 Z - UTBAReTII
0032 TIIT "TII/60.
0033 WRITE (1,60) ATKTIITZ
00C4 WRITE (6,60) ATKTIIT.Z
0035 60 FORMAT(//lX,42HTHICK SLICK HAS SPREAD ACROSS THE CHANNEL

1 27NWIDTH AND COVERS AN AREA OF,E12.5/IX,
2 29HS•GARE METERS AFTER A TIME OF, E12. 5# 2X, SHMINUTES.,
3 /lX,25HTHE SLICK LEADING EDGE IS,E12.5,2X,
4 1S""ETERS DOWNSTREAM.)

0036 HTK - (SPIL.IRTII-DENOS*. Q.ATK*f-TN)/(DENO*ATK)
C
C H ITK - INITIAL THICK SLICK THICKNESS CORRECTED FOR MASS 4*
C * IN TIHIN SLICK
C

0037 ATN - 8. 0 * ATK
C
C * ATN - INITIAL THIN SLICK AREA
C

0038 00 TO 299
0039 90 CONTINUE
004C TIB - TII
0041 90 TO 5

C
C I' 4 *4 4"" 4I14*4 4'* 4 4 4*4 * 44
C SINCE SLICK WIDTH < RIVER WIDTH AT END OF GRAVITY-INERTIA
C PHAM, USE INrTEGRATION OF OPEN-WATER QRAV,.TY-VISCoUS MODEL
C TO CONTINUE UNTZL WIDTH - RIVER WIDTH.
C *44444=4=4=====44==44===================4
C

0042 100 TII - TIE
0043 ATK - ATKB
0044 HTX - (SPI"LMR*TI-ODENOe. 0*ATý- 4TN)/ Z .NO.8. O"4ATK)
0045 TIME - TII
0046 YY(1) - ATK
0047 YY(2) • e. 0 . ATK
0048 YY(3) , HTK

C
C *4 SWITCH TO OPEN-WATER MODEL
C

0049 STP - 4.2
0050 CALL TRANSP
0051 105 CALL INTE(XEND)
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C .• CHECK FOR EVAPORATION TROUBLES **

C
* -0052 IF(IDEB.EG.O) THEN
S.,. 0053 KKK-3

"0054 STP-4. 1
"0055 GOTO 299
0056 ELSE
0057 ENDIF

C
C *. ONCE MORE, CHECK TO SEE IF TIME < DISCHII E TIME *

C
0058 IF(TIME OT. TSPILL) GOTO 5
"0059 IF ((2.0OYY(I)/(UTBAR*TIME)).QT.WW) 00 TO 110

C -;0 TO !!0 WHEN WIDTH >,,-'r7-r WLIDTH ,
• e C

0060 IJ - TIME
0061 IK - TPT
"0062 MD - MOD(IJ,IK)
0063 IF (MD. NE. 0) gO TO 105
0064 CALL MOVE
0065 CALL PRINTO
"0066 00 TO 105

* 0067 110 STP - 4.1

C RETURN WITH INITIAL CONDITIONS TI! - TIME, ATK ' THICK ;L.C:

c AREA. ATN-THIN SLICK AREA, AND ATK - THICK.

C
0068 TlI - TIME
0069 ATK - YY(I)
0070 ATN - YY(2)
0071 HTK w YY(3)
0072 TOTALM - YY(1)eYY(3)*DENO

- 0073 SPILLM-SPILMR * TIME
0074 DMASS - SPILLM - TOTALM
0075 TIIT w TII/60,
"0076 Z - UTBAR * TII
0077 WRITE (1,120) ATK,TIIT,Z,DMASS
0078 WRITE (6.120) ATK,TIITZ,DMASS
0079 120 FOP"AT(//IX,41HTHICK SLICK HAS SPREAD [ •Nr23 THE CHANI:,!:lI

I 28H WIDTH AND COVERS AN AREA OF, /IX,E12 5,
2 14HSGUAPC METERS., l X, 16HAFTER A TI!1E M,' , CI2 5, VHMINU-i• ,

3 25HTHE SLICK LEADING EDQE IS, E12 5.
4 18HMETERS DOWNSTREAM /IX,
5 47HTHE MASS LOST FROM THE SLICK UP TO THI'3 TIrr IS,
6 E12. 5, 1OHILOGRAMS.0080 299 RETURN

,',.coB END
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0001 SUBROUTINE INIT4B
C
"C 0 CALCULATE INITIAL CONDITIONS FOR MODEL 4B
C * CONTINUOUS SPILL IN OPEN WATER WITH A CURRENT
C SPEED (TRANSPORT VELOCITY) OF UTBAR

C
, C THIS SUBROUTINE IS CALLED BY "INIT". IT COMPUTES THE INITIAL

C CONDITIONS FOR A CONTINOUS SPILL IN OPEN WATER WITH A CURRENT.
C

0002 COMMON/SIZE/R, D, WW, LI L2, H.RO
0003 COMMON/STYPE/SP ILLM, SPILMR, TSPILL, WS, STP, SPM
0004 COMMON/WATER/DENW, VISW, OR
0005 COMMON/CHEMI /DENO, DCA, DCW, CS, CNN
0006 COMMON/SPREAD/TI I, AK, HTKo ATN, HTN, HMIN. INDEX, IFLAG
0007 COMMON/CONSTAT/UC, VW. UTBAR, U0, Ul, NT, ALPH, THETAI
"0006 COMMON/TRAVEL/WTK, Z

. 0009 COMMON/INTER/COEF, SIOA, SIOA, SIQOWo SIG
0010 COPMON/MOVE/UPEAK(10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
0011 COMMON/TRANSIT/UX(10# 10), UY(1O, 10), VWX(10)1

"1 VWY(10), THE'TA(10), TI (10). ID, IT. IV.S2 XU(10) YU(IO), TT(10)
"0012 COMI'ON/CONTOUR//SHAPE, X(10), Y(1O), XC. YC, IC, IW, ISP, XO, YO
0013 COMMON/CK/ClO, C20, C11, C21, C12, C22, KIO.K20, K1 K21,

1 K12,K22
.-. , 0014 REAL Klo.K2,,K1..K21.K2.K,22

0015 M-ZSP
0016 10 TII a (2(K2/KIZ)**(24. /7. ))*((SPILMR/(2. *DENW))*1(4. /7. 1)/

I ((UTBAR**(4. /7. ) )*( (GRCOEF)*(2. /7. ) )*
2 (VISW*'(3. /7. )))

".C TII a END OF GRAVITY-INERTIA PHASE **

0017 IF (TII.E. TSPILL) GO TO 50
C
C IF TI! > DISCHARGE TIME, SWITCH TO AN INSTANTANEOUS MODEL 4*

C
CV 0018 ATK - K22*((K22/K12)**(33./7. ))*(SPILMR/(2. *DENW))**(9. /7.

"I- . /(C(UTBAR**(2. /7. ))*(GR*COEF)4-(I. /7. )*(VISW.*(5. /7. )
- 0019 4HTK a (SPIL?9R.TII-DENO@. e.0.ATKHTN)/(DENO.ATK)
" 0020 ATN - 8.O * ATK

0021 WTK - 2. 0 0 ATK/(UTIBARTII)
C
C
"C ATK * INITIAL THICK SLICK AREA
C HTK - INITIAL THICK SLICK THICKNESS
C ATN - INITIAL THIN SLICK-AREA
C WTK - INITIAL THICK SLICK DOWNSTREAM WIDTH

C
C

"C XLE AND YLE ARE DOWNSTREAM COORDINATES OF LEADING EDGE
C WITH RESPECT TO CURRENT DIRECTION.
C
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0022 Z m UTBAR*TII
0023 XLE - XC + (UX(M,1).0.035*VWX(1))*TII
0024 YLE - YC + (UY(M,1)+0.035*VWY(1))*TII
"0025 TIIT - TII/60.
0026 WRITE (1,20) ATKTIIT,WTKZ
0027 WRITE (6, 20) ATA, TTIIT, WTK, Z
002e 20 FORMAT(//IX,41HTHICK SLICK HAS SPREAD OVER AN ELONGATED

1 19HTRIANGULAR AREA OF ,E12.5,/
2 1X,29HSQUARE METERS AFTER A TIME OFE12* 5.,HMINUTES../
3 1X,31HTHE THICK SLICK LEADING EDGE ISE12.5,2X,

, -. 4 18HMETERS WIDE AND IS, E12. 5,2X,7HMETERS /
5iX, 11HDOWNSTREAM.)

"0029 WRITE (1,22) ATN
0030 22 FORMAT (/1X,31HTHE THIN SLICK AREA IS. EQUAL TOE12.5,

"1 .X, 14HSQUARE METERS.'
0031 TEMPI - DENO.*(ATK*HTW-ATN*HTN)
0032 TEMP2 - SPILMR*TII
0033 00 TO 99

A J 0034 50 WRITE (1,52)
0035 WRITE (6,52)
0036 52 FORMAT(//1X,45HSPILL TIME IS SO SHORT THAT AN INSTANTANEOUS

"I /IX,3lHMODEL WILL GIVE BETTER RESULTS.)
"C
C 44 MAKE SWITCH TO INSTANTANEOUS MODEL *4
C

0037 STP - 1.2
0038 SPILLM - SPILMR * TSPILL
"0039 99 RETURN
S0040 END

-"C3
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-*C SUBROUTINE TO SOLVE SIMULTANEOUS 1ST ORDER DIFFERENTIAL
C EQUATIONS BY USING RUNGE-KUTTA METHOD
CcCCCCCCCCCCCCCCCCCCccCCCCcCcCcCcccCCcccCccCCCCcccCCCcCCcCCCCccCCCCCCCC
C
"C THIS SUBROUTINE IS CALLED BY "SPREAD" AND THE INITIAL CONDITIO
C SUBROUTINES ST A 2LV AND "INIT4A". IT SENDS THE APPROPRIATE
,C GRAVITY-VISCS MODL EARNGE-UTTA INTEGRATION
C TSUBROUTINE ISTO COMPUTED TY SREDTHICK SLICK AREA AND OTHER
.C VARIABLES AS A FUNCTION OF TIME. AFTER EACH PASS, 'TIME' IS

INCREMENTED BY 'DELT' THE "FCN" SJBROt'TINES IN THE "RUNKUT"

C CALL ARE THE EQUATIONS OF THE gRAVIYY-VISCOUS MODELS. THE
C MATRIX 'YY' IN THE CALL IS:I C e. YY(l) - THICK SLICK AREA, SO. M
C ** YY(2) - THIN SLICK AREA, SO. M
C *. YY(3) - THICK SLICK THICANESS, M:

S C
C THE MATRIX 'YPRIME' IN THE "FCN" SUBROUTINES IS:
C ** YPRIME(1) - D(YY(1))/DT
C ** YPRIME(2) - D(YY(2))/DT
C *. YPRIME(3) - D(YY(3))/DT

* C *. YPRIME(4) - RATE OF EVAPORATION LOSS, KG/SEC
C . YPRIME(5) - RATE OF DISSOLUTION LOSS, KG/SEC
C

0001 SUBROUTINE INTE(XEND)
0002 COMMON/RUNGE/YY(5),C(24),W(5o30)
0003 COMMON/MOVE/UPEAK ( 10), XLE, XTEM YLE. YTE. DELT, TIME, TSTOP, TCHECK00304 COMMON/ MASS/ TOTALE, TOTALD, TOTALM. DMASS

f~~i 0005 COhMffN/STYPE/SP ILLM, SP ILMR, TSP ILL, WS, STP, SPM

0006O C OMON / CONTOUR /SHAP E, X (IO), Y (10), XC, YC. I C, I W, ISPXO0, YO

0007 C OMN/MLOSS/EVAPNDISSOM
0008 COMMON/CHEMI/DENO. DCA. DCW, CS, CMW
0009 COMMON/PRIM/PRIME(5), IDEBKKK
0010 COMMON/CK/ClO, C20, C11, C21, C12, C22, K1O, K20, K11, K21,

• "I K12,K22
% 0011 COMMON/SPREAD/TI I, ATK, HTK, ATN, HTN, HMINo INDEX, IFLAG

0012 REAL KlO.K20,KlIK21,K12oK22
0013 EXTERNAL FCN1 I, FCN12, FCN21, FCN22, FCN41. FCN42

C
C

0014 C CALL SUBROUTINE TO CALCULATE EVAPORATION LOSS------
0,"bO4 CALL EVAP

"C ----- CALL SUBROUTINE TO CALCULATE DISSOLUTION LOSS------
.??. Oo CALL DISS

0016 10 CONTINUE
IS" C

0017 N-5
0018 NW 5. 5
0019 IND 1 1
0020 TOL I.E-7

C
.y. 0021 XEND . TIME + DELT

C ---- MODEL I.A-
0022 IF (STP NE. 1. 1) G0 TO 20
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C ---- :ýMODEL 1, A -
0023 CALL RUNKUT(N, FCN11,TIMEYY, XEND, TOL, INDoCNW, W. IER)
0024 GO TO 99
0025 20 IF (STP. NE. 1. 2) GO TO 30

C ... MODEL 1. B ----
0026 CALL RUNKUT(N, FCN12, TIME, YY, XENDoTOL, IND. C, NW, W, IER)
0027 GO TO 99
0028 30 IF (STP. NE. 2.1) GO TO 40

C ---- MODEL 2.A A --
0029 CALL RUNKUT(N, FCN21, TIME, YY, XEND, TOL, IND, C, NW,W, IER)
"0030 GO TO 99
"0031 40 IF (STP.NE 2.2') GO TO 70

"C ---- MODEL 2. B
0032 CALL RUNKUT(NoFCN22, TIME, YY, XEND, TOL, IND, CNW.WIER)
0033 GO TO 99 ip 0034 70 IF (STP. NE. 4. 1) '0 TO 80

C ---- MODEL 4. A ---
0035 CAI.L RUNKUT(N, FCN41,TIME. YY, XEND, TOL, INDoC.NW, W, IER)
0036 GO TO 99
"0037 80 CONTINUE

C ---- MODEL 4. B
0038 CALL RUNKUT(N.,FCN42,TIME, YY, XEND, TOL, IND, C, NW.W, IER)
0039 99 CONTINUE
0040 TOTALE = YY(4)
0041 TOTALD - YY(5)
0042 TOTALM - DENO*YY(1)*YY(3)
0043 ISTP - STP
0044 110 CONTINUE
0045 CALL CHEKMS
0046 IF(IDEB. GT. I)GOTO 999

C
C
C IF IDEB - 0, 'TCHEC'' IS MADE LESS THAN 'TIME'. O1HERWISE,
C 'TCHECA' REMAINS EGUAL TO 'TSTOP' AS SPECIFIED IN "DMODEL".
C
C

0047 111 TCHECK - TIME - DELT
0048 999 CONTINUE
0049 RETURN
0050 END

1Z14
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C SUBROUTINE MOVE (

C TRACKING THE MOVEMENT OF THE SLICK cCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCC

C
C THIS SUBROUTINE IS CALLED BY *SPREAD" AND THE INITIAL CONDITION
C SUBROUTINES "INIT4A" AND 'INT12A". IT COMPUTES THE MOVEMENT
C OF THE SLICK FOR EACH TXME STEP. THE TRANSPORT VELOCITIES ARE
C COMPUTED IN SUBROUTINE "TRANSP".
C

0001 SUBROUTINE MOVE
0002 COMMON/STYPE/SPILLM, SPILMR, TSP ILL, WE, STP, SPM
0003 COMMON/MOVE/UPEAK( 10), XLE, XTE, YLE. YTE, DELT, TIME, TSTOP, TCHECK
0004 COMMON/CONTOUR/SHAPE, X (10), Y(10), XC, YC, IC. IW. ISP, XO. YO
0005 COIPMON/TRANSIT/UX(10, 10),UY(10, 10), VWX(10),

1 VWY(10), THETA(IO),TI(10), ID, IT, IV,
2 XU(10),YU(10),TT(10)

0006 COMMON/CONSTAT/UC, VW, UTBAR, UO, Ul, WT, ALPH, THETAI
0007 COMMON/CURRENt/UBAR( 10), DMOVE, UTOT, UTX, UTY, UREL
000e I - STP
0009 J - SHAPE
0010 TBEF - TIME-DELT
0011 ICl - IC + 1
0012 IW1 - 1W I
0013 IF(I.GT.1) O0 TO 200

C
C --------------------------------------------- ----------

C INSTANTANEOUS SPILL
C (THE WHOLE SLICK IS FREE TO MOVE)
C ------------------------------
C

0014 IF (J.LT.2) 00 TO 100
C *** MOVEMENT MODEL M. 1. 0 **
C (IN OPEN WATER)

0015 DMOVE-I. 0

0016 XC - XC + UTX*DELT
0017 YC - YC + UTY*DELT
0018 00 TO 999

C
C *44 MOVEMENT MODEL M. 1. 1 *- *

C (IN OPEN WATER AFTER THE SPILL STOPPED)
C
C
C *4* MOVEMENT MODEL M. 2 **
C (IN RIVERS OR CHANNELS)
C

0019 100 DMOVE - 2. 0
0020 XC - XC + UTOT*DELT
0021 00 TO 999

C
C
C--------------------------------- ---------------------------
C CONTINUOUS SPILL
C (THE SLICK MUST STAY ATTACHED TO THE SPILL CRIOIN)
C
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C
0022 200 CONTINUE
0023 IF (dJ.GT.1) GO TO 400

0024 IF (IC. GT. I.AND. IW.GT. I) gO TO 250
C MOVEMENT MODEL M. 3. A ***

C I. IN RIVER OR CHANNEL
C 2. UC AND VW DO NOT VARY WITH TIME

0025 DMOVE - 3.10
0026 XLE - UTOT*TIME
0027 XTE = 0.0
002e GO TO 999
0029 250 CONTINUE

C
0030 280 IF (UBAR(1).LT. (0.3*UPEAK(1))) CO TO 300

C
C *** MOVEMENT MODEL M. 3 (B. 1) **
C 1. IN RIVER OR CHANNEL
C 2. UBAR .GE. (0.3*UPEAKj
C

* C
C WHEN UBAR > 0.3 * UPEAK, TIME VARIATION IS NEGLECTED AND
C AVERAGE TRANSPORT VELOCITY IS USED TO COMPUTE MOVEMENT
C DUE TO CURRENT. CORRECTION FOR APPARENT MOVEMENT DUE TO
C SPREADING IS MADE IN "PRINTO".
C

0031 DMOVE - 3.21
0032 XLE = (UBAR(1) + 0.035*VW*COS(THETAI))*TIME
0033 XTE = 0.0
0034 GO TO 999

C
C *** MOVEMENT MODEL M. 3 (B. 2) **
C 1. IN RIVER OR CHANNEL
C 2. UBAR .LT. (0.3*UPEAK)
C
C
C WHEN UBAR < 0,3 * UPEAK, TIME VARYING 'UTOT' IS USED TO
C COMPUTE INCREMENTAL MOTION OF LEADING EDGE DUE TO CURRENT.
C CORRECTION FOR APPARENT MOVEMENT DUE TO SFREADING IS MADE
C IN "PRINTO".
C
C

0035 300 CONTINUE
0036 DMOVE - 3.22

"" 0037 XLE - XLE + UTOT*DELT
0038 GO TO 999

C
C *4 OPEN WATER, CONTINUOUS SPILL **
C

0039 400 IF (IC. LE. 2. AND. IW. LE. 1) GO TO 455
0040 GO TO 500

C *** MOVEMENT MODEL M. 4. A **
C 1. IN OPEN WATER
C 2. UC AND VV' DO NOT VARY WITH TIME

0041 455 DMOVE - 4. 10
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0042 470 XLE - XLE + UTX*DELT
0043 YLE - YLE + UTY*DELT
0044 GO TO 999
0045 500 CONTINUE
0046 IF (IW. GT. 1) GO TO 505
"0047 Wi - VWX(1)
0048 W2 - VWY(1)
0049 GO TO 530

C
C ** SINCE WIND - F(TIME), INTERPOLATE TO FIND WIND SPEED AT *4
C *4 CORRECT TIME. *
C

0050 505 CONTINUE
0051 DO 510 I - 1,10
0052 IF (TBEF. LE. TT(I)) GO TO 520
0053 510 CONTINUE
.0054 520 W1 - VWX(I-I)+(VWX(l)-VWX(I-1))*(TBEF-TT(I-1))/

I, (CTTI-TT(I-1))
' 0055 W2 - VWY(I-1)÷(VWY(I)-VWY(I-I))*(TBEF-TT(I-1))/

1 (TT(I)-TT(I-1))
C
C *4 Wi AND W2 ARE INTERPOLATED WIND SPEEDS IN X AND Y DIRECTION
"C

0056 530 CONTINUE
0057 IF (IC. EQ 1.iOR. IC. EG. 3) ISP - I

C
C ** IF CURRENT IS NOT F(SPACE), BOX OR SLICE LOCATION = 1 **

0058 IF (STP. LE. 2.2) GO TO 600
C
C *** MOVEMENT MODEL M. 4 (B. 1) **

"C 1. IN OPEN WATER
d C 2. UT(I) .GE. UPEAK(I)

C I IS THE REGION NO. WHERE THE LEADING
C EDGE WAS .......

0059 DMOVE 1 4. 21
0060 XLE = XLE + UTX*DELT
0061 YLE - YLE + UTY*DELT
0062 GO TO 999

C *** MOVEMEMT MODEL M. 4 (B. 2) *
C 1. IN OPEN WATER
C 2. UT(I) ,LT. UPEAK(I)
C 3. THE SLICK IS CIRCULAR
C 4. SPREADING MODEL 2.B WAS USED AND UBAR = 0.

0063 600 CONTINUE
"0064 DMOVE - 4. 22
"0065 XLE - XLE+UTX*DELT
0066 YLE - YLE+UTY*DELT
0067 UO - UTX/SGRT(UTX**2.+UTY**2.)
0068 Ul - UTY/SQRT(UTX**2.+UTY**2.)
0069 999 RETURN
0070 END
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Cc~cCCcccCCCCCcccccccCccCccCccC~ccccccccc~cCccCccCCCccCCccccCcccCCccCccc
C SUBROUTINE PRINTO C

C THISSUBROUTINE IS CALLED BY "SPREAD" AND BY INITIAL CONDITION
C SUBROUTINES "INT12A" AND 'INIT4A". IT USES DATA FROM "MOVE"
C AND MAKES SOME CORRECTIONS. IT ORGANIZES AND PRINTS OUT RESULT!
C

0001 SUBROUTINE PRINTO
0002 COMMON/SIZE/R. D.WW, Li. L2. H.RO
0003 COMMON/CHEMI/DENO. DCA. DCW. CS. CMW
0004 COMMON/WATER/DENW.VISW.GR
0005 COMMON/ENVOR/PV, VISA, DENA, TDC
0006 COMMON/INTER/COEF. SiGWA, SIGOA. SIGOW, SIC
0007 COMMON/CONSTAT/UC. VW. UTBAR. UO, Ul,WT.ALPH. THETAI

0011 COMMON/TRANSIT/U.X(10,10),UY(10.10),VWX(I0),
1 VWY(10),THETA(I0),TI(10).ID),ITIV,
2 XU(10),YU(1O),TT(l0)

0012 COMMON/ID/IDi. ID2, 103
0013 COMMON/RUNGE/YY(5),C(24),W(5,30)
0014 COMMON/MASS/TOTALE, TOTALD, TOTALM. DMASS
0015 COMMON/SPREAD/TII. ATK. HTK, ATN. HTN. HMIN. INDEX. IFLAG
0016 COMMON/STYPE/SPILLM. SPILMR. TSPILL. WS. STP. SPM
0017 COMMON/CURRENT/UBAR(1O). OMOVE. UTOT, UTX, UTY. UREL

* 0018 COMMON/SENSE/EVA(40, 10),DIS,'40. 10),TIHK(40, 10),TIN(40. 10),
1 PIP(40),TPT

0019 REAL LTH
N C

0020 1 -STP
0021 ITEMP - TIME /60.
0022 TEMP - FLOAT (ITEMP)
0023 DIFFT - TIME - TEMP *60.
0024 TMASS - DENO*HTN*YY(2)
0025 IF(I.EG.1) TMASS=0.0
0026 TOTS - TMASS + TOTALM + TOTALD + TOTALE
0027 DECI - STP-FLOAT(I)
0028 IF (DECI. LT. 0. 1999') GO TO 100
0029 IF(I.EQ.4) CO TO 50

C
C C- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

C SPREADING MODELS 1. B. 2. B
C (1B -INSTANTANEOUS SPILL IN OPEN WATER;
C 23 - CONTINUOUS SPILL IN OPEN WATER WITH NO CURRENT)
C ** ALL SLICAS ARE CIRCULAR *

C---------------------------------------------------------------- -------

C

C THE NEXT 3 BLOCKS PRINT OUT DATA ON SLICK AREA, THICKNESS.
C MASS, EVAPORATED MASS, AND OTHER NON-MOVEMENT PARAMETERS.

C

0030 RAD1 SQRT(YY(1)/3. 141'59)
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0031 RAD2 " SQRT((YY(1)+YY(2))/3. 14159)
0032 WRITE (1,5) TEMP, DIFFTYY(1),YY(3),RAD1
0033 WRITE (6.5) TEMP, DIFFT.YY(1),YY(3),RAD1
0034. 5 FVRMAT(////2X,7HTIME - ,FIC.2,8H MINUTES.2XF7.3,8H SECONDS/9X',

1 1BHTHICK SLICK AREA ,iE12.5,6H SQ.M.,2X,
2 23HTHICK SLICK THICKNESS -,E12.5.7H METERS/9X,
3 20HTHICK SLICK RADIUS -,E12.5,7H METERS)

0035 IF(I.EQ.1) GOTO 9
0036 WRITE (1.6) YY(2),RAD2
0037 WRITE (6,6) YY(2),RAD2
0038 6 FORMAT(9X,"

I 18HTHIN SLICK AREA -, E12. 5. 5HSO. M. , /9X,
2 20HTHIN SLICK RADIUS -,E12.5,6HMETERS)

0039 9 WRITE (1, 7) TOTALM, TOTALE, EVARM. TOTALD, DISSOM
0040 WRITE (6, 7) TOTALM, TOTALE, EVAPM, TOTALD. DISSOM
0041 7 FORMAT(/9X,27HTOTAL MASS OF THICK SLICK -,E12.5,4H KG./9X,

2 27HTOTAL EVAPORATED MASS -, E12. 5, 4H KG., /9X,
3 27HRATE OF EVAPORATION -,,E12.5,15H KG/(SEC-SQ.M. ),/9X,
4 27HTOTAL DISSOLVED MASS -,E12.'5,4H KG.,/9X,
: 27HRATE OF DISSOLUTION -,E12.5,15H KG/(SEC-SQ.M. ))

0042 IF(I. EQ. 1) GOTO 10
0043 WRITE(1,8)TMASS
0044 WRITE(6,8)TMASS
0045 8 FORMAT(9X,27HTOTAL MASS OF THIN SLICK =,E12.5,4H KQ.)
0046 10 WRITE(1,20)TOTS
0047 20 FORMAT(//9X,27HTOTAL MASS -,E12.5,4H KG.)
0048 WRITE(6,20)TOTS
0049 GO TO 300

C
C ------------
C SPREADING MODEL 4. B
C (CONTINUOUS SPILL IN OPEN WATER WITH CURRENT)
C *. ELONGATED SLICK *#
C --- ------- -------------------------------
C

0050 50 CONTINUE
0051 XW 2.0*YY(1)/(UTBAR*TIME)
0052 XW" YY(2)*2.0/(UTBAR*TIME)
0053 WRITE (1,55) TEMP,DIFFT,YY(1),YY(3), XW
0054 WRITE (6.55) TEMPDIFFTYY(1),YY(3),XW
0055 WRITE (1,57) YY(2),XW1
0056 WRITE (6.57) YY(2),XWI
0057 55 FORMAT(////2X,7HTIME , F10.2.SH MINUTES,2XF7.3,SH SECONDS/9X,

1 18HTHICK SLICK AREA -,,E12. 5,6H SO. M.,2X,
2 23HTHICK SLICK THICKNESS -,,E12. 5,7H METERS/9X,
3 30HTHICK SLICK DOWNSTREAM WIDTH -. E12.5,IX,6HMETERS)

0C, 5 57 FORMAT(9X,
1 18HTHIN SLICK AREA -. E12.5.6H SG.M./9X,
2 30HTHIN SLICK DOWNSTREAM WIDTH -,E12.5,IX,6HMETERS)

0059 WRITE (1,7) TOTALM, TOTALE, EVAPM. TOTALD, DISSOM
0060 WRITE (6.7) TOTALM, TOTALE, EVAPM, TOTALD, DISSOM
0061 WRITE(1,8)TMASS
0062 WRITE(6,8)TMASS
0063 WRITE(1,20)TOTS
0064 WRITE(6, 20) rOTS
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0065 0O TO 300
p C

C SPREADING MODELS 1.A, 2.A
C (1A - INSTANTANEOUS SPILL IN RIVER;
C 2A - CONTINUOUS SPILL IN RIVER WITH NO CURRENT)
C ----------------------------------------------------------

0066 100 CONTINUE
0067 WRITE (1,105) TEMP, DIFFTYY(1),YY(3)
0068 WRITE (60105) TEMP, DIFFTYY(o),YY(3)
0069 105 FORMAT (///2X.7HTIME - ,FIO.2,BH MINUTES,2XF7.3,8H SECONDS/9X,

1 18HTHICK SLICK AREA -,E12. 5.6H SQ.M. ,2X,
2 23HTHICK SLICK THICKNESS -,E12.5,7H METERS)

0070 IF(I.EG.1) COTO 1C7
0071 WRITE (1,106) YY(2)
0072 WRITE (6,106) YY(2)
0073 106 FORMAT (9X,

I 18HTHIN SLICK AREA -,E12. 5, 5HSQ. M.)
0074 107 WRITE (1,7) TOTALM,TOTALE,EVAPM,TOTALDDISSOM
0075 WRITE (6,7) TOTALM,TOTALE,EVAPMTOTALDDISSOM
0076 IF(I.EQ.1) COTO 30
0077 WRITE(1,8)TMASS
0078 WRITE(6,8)TMASS
0079 30 WRITE(1,20)TOTS
0080 WRITE(6,20)TOTS

C
0061 300 CONTINUE
0082 IJ = TIME
"0083 IK - TPT
0084 IF (IJ.EQ. IK) CO TO 298
0085 MD - MOD(IJ,.IK)
0086 IF (MD. NE.0) GO TO 299
0087 298 CONTINUE
0088 INDEX = INDEX + 1
0089 PIP(INDEX) = TIME
0090 EVA(INDEX, IFLAC) - TOTALE
0091 DIS(INDEXIFLAC) = TOTALD
0092 THK(INDEX, IFLAG) - TOTALM
0093 TIN(INDEXIFLAG) - TMASS
0094 299 CONTINUE

C- --------------------------------------
C TRACKING MOVEMENT
C -------------------------- --------

C
C
C 'DMOVE' INDICES ARE DEFINED IN "MOVE".
C
C

0095 IF (DMOVE. EQ. 1.0. OR. DMOVE. EQ. 1. 1) 00 TO 301
0096 IF (OMOVE. EQ. 2.0) 00 TO 311
0097 GO TO 321

C
C *4 HERE TO 314 PERTAIN TO INSTANTANEOU-. SPILLS **
C

0096 301 WRITE (1,303) XCYC
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0099 WRITE (6, 303) XC, YC
0100 303 FORMAT (//9X,

1 41HTHE CENTER OF THE SLICK IS LOCATED AT X w,

2 E12.5.15H METERS AND Y -,E12.5,7H METERS)
0101 •00 TO 500

C
0102 311 WRITE (1,313) XC
0103 WRITE (6,313) XC
0104 313 FORMAT (//9X,25HTHE WHOLE SLICK HAS MOVEDE12.5,

I 6HMETERS)
0105 LTH-YY(1)/WW
0106 WRITE(1,314) LTH/2+XC,XC-LTH/2
0107 WRITE(6,314) LTH/2+XC.XC-LTH/2
0106 314 FORMAT(9X,40OtiTHE DOWNSTREAM EDGE OF THE SLICK IS AT -,E12. 5,

6 7H METERS, 1X,30H AND TrHE UPSTREAM EDGE IS AT -,E12.5,7H METERS)
0109 GO TO 500
0110 321 CONTINUE
0111 IF (DMOVE.LE.3.215) GO TO 323
0112 IF (DMOVE.LT.3.900) gO TO 325
0113 IF (DMOVE.LT.4.215) 00 TO 333
0114 GO TO 335

C
C . REST OF STATEMENTS RELATE TO CONTINUOUS SPILLS **
C

0115 323 TEMPI - XLE
0116 TEMP2 - 0.0

C
C .* NOW CORRECT IF THERE IS NO CURRENT, SO SLICK IS SPREAD **
C *- OUT SYMMETRICALLY ABOUT SOURCE. **
C

0117 IF(TEMPI.EQ.0.0) THEN
011O TEMPI - YY(1)/(2.O*WW)
0119 TEMP2 - -YY(1)/(2.0*WW)
0120 ELSE
0121 TEMPI-YY(1)/WW
0122 ENDIF
0123 00 TO 327
0124 325 TEMPI - XLE+YY(1)/(2.0*WW)
0125 TEPY2 - XLE-YY(Z)/(2.0O*WW)

C
C *- IN A TIDAL RIVER, THE TRAILING EDGE CANNOT MOVE *4
C -* DOWNSTREAM. JUST UPSTREAM.
C

0126 IF (TEMP2. CT. O. 0) TEMP2-O. 0
0127 327 WRITE (1,329) TEMP1,TEMP2
0128 WRITE (6,329) TEMPI,TEMP2
0129 329 FORMAT (//9X,

1 47HTHE LEADING EDGE OF THE SLICK IS LOCATED AT X
2 E12. 5, 6HMETERS/
3 9X,
4 48HTHE TRAILING EDGE OF THE SLICK IS LOCATED AT X
5 E12.5,6HMETERS)

0130 GO TO 500
0131 333 CONTINUE
0132 WRITE (1,334) XLEYLiL
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0133 WPITE (6,334) XLEYLE
"" 0134 334 FORMAT (//9X,

I 47HTHE LEADING EDGE OF THE SLICK IS LOCATED Al X -,

2 E12 5,2XIOHMETERS AND/53X,3HY -,E12 5,2X.6HMETERS/5X,
"3 61HTHE TRAILING EDGE OF THE SLICK IS LOCATED AT THE SPILL OR]
4

0135 GOf TO 500
0136 335 TEMPI - XLE÷UO*SQRT(YY(1)/3 14159)+XC
0137 TEMP2 - YLE+UI*SGRT(YY(1)/3. 14159)*YC"013L TEMP3"(SQRT(XLE*.2.÷YLE**2 )-2 *SORT(YY(1)/3 14159f).U0

0139 TEMP4-(SORT(XLE**2 *VLE*42 )-2 *SGRT(YY(I)/3. 1459))*UI
0140 IF((TEMP3-XC)*UO OE 0. ) TEMP3-XC
0141 IF((TEMP4-YC)*UI.GEO ) TEMF4-YC
0142 337 WRITE (1,339) TEMP1, TEMP2,TEMP3,TEMP4
0143 * WRITE (6,339ý TEMPI,TEMP2, TEMP3, TEMP4
01'4 339 FORMAT (//9X,

I 47HTHE LEADING EDGE OF THE SLICK IB LOCATED AT X -,
2 E12 5,2X, IOHMETERS AND03X,3HY -,E12 5,2X,6HMETERS/5X.
3 48HTHC TRAILING EDGE CO THE SLICK IS LOCATED AT X w,
4 E12 5,2X.10NMETERS AND 54X,3HY -,E12 5.2X,6HMETERS)

01435 ,500 CONTINUE
0146 ?99 RETURN
0147 END

i "N
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C
C DIFFERENTIAL EQUATION SOLVER
C RUNGE KUITA-VERNER FIFTH AND SI XTH ORDER METI440
CCCCcccccCCcCCcCCcCcccccccccC~cC~CcCc~cCCCcCccCCCcC~cccccccc~ccccccccI
C

C THIS SUBROUTINE IS A STANDARD RUGE-KUTTA INTEGRATION ýOVTINE
C CALLED BY "INTE". IT CALLS "UERTST" AND "UGETIO".

* C N N- NO. OF SIMULTANEOUS FIRST-ORDER DIFFERENTIAL E044ATIONS
C *4FCN a SUBROUTINE WHERE DIFFERENTIAL EQUATIONS ARE GIVEN
C *4 X a STARTING TIME
C Y4 - MATRIX OF DIFFERENTIAL EQUATIONS
C *4XEND a STARTING TIME + DELT
C . TOL, IND, Co NW, hi,?EIR a NUMIERICAL AND ERROR DATA FOR
C CHECKING CONVERGENCE
C

0001 SBOTN UKTN C.X ,YNTL N.C W oZR
0002 INTEGER N. IND.NW. IER
0003 INTEGER K
0004 DIMENSION Y(N),C(24),W(NW,9YhRK(39)
0005 DATA ZERO/O. 0/. ONE/I. 0/, TWO/2 0/, THPEE/3 0ý
0006 DATA FOUP/4. Q/. FIVE/5. 0/. SEVEN/7. 0/
0007 DATA TCN/ 10, 0/. HALF/0. 5/. P9'0. 9/
0000 DATA C4015/. 2&6467E0/
0009 DATA C2D3/. 466h67E0/
0010 DATA C504/. S333333E0/
0011 DATA C1D4/. 166b67E0/S0012 DATA CI1D5/. 66"b67e-11
0013 DATA C2096/120.4273/
0014 DATA REPS/2. 77!W6-17/
0015 DATA RTOL 1. 0567V IE-22/
0016 DATA RK( 1) /. 16#.6467E400/
0017 DATA PK( 2)/. 5333333E-01/i0019 DATA RK( 3)/.2133333E+00/
0019 DATA RK( 4)/.033333E+00/
0020 DATA RK( 5)/. 2b66"67E4-01/
0021 DATA Rgn&/20001*1
0022 DATA RK( 7)/, 2575123E-01/
0023 DATA RK( 8). 916"6 7E+0 1 /
0024 DATA RK( 19)1 6,64062 5E+01 /
0025 IDA "A RK(10)/, 88541671E*00/
0026 DATA R K( 11)/. 240(YY)OE +0 1
0027 DATA RK%(12)/, SOOOOOQE'01/
002P DATA "K(13)/ 656045@E*01/
0029 DATA RK(14)/.30'55556E+00/
0030 DATA f~t"AI)/ 345Oq0990QQ0/
0031 DATA RK (16)/. 5506&tb67E+00/
0032 DATA RK(.17)/,1653333E*01/
003ý1 DATA RK 161/ 945582E+00/
0034 DATA RK(19)/ 3240000E*00/
0035 DATA RK (20) /. 2337RI(32E+00/
0036 DATA RK(21)/.2033465E+01/
0037 DATA RK(22)/ 6976744E+01/
0038 DATA RK(23)/.564818%0E*0I/
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0039 DATA RK(24)/. 1373e16E.0O/

0040 DATA RK(25)/.2e63023E+00/
*-0041 DATA RK(26)/. 1441786E+00/

0042 DATA RI'd27)/.750,0000E-01/

**0043 DATA RK(28B)/.3e99287E+00/
0044 DATA RK(29)/.3194444E+00/
0045 DATA RK(30)/. 1350384E.00/
0046 DATA RK(31)/. 107e330E-01/
0047 DATA RK(32)/.6980519E-01/
004e DATA RK(33)/.62500O0E-O2/
0049 DATA RK(34)/. 6963012E-02/
0050 DATA RK(35)/. 694444AE-02/
0051 DATA RK(36)/.6138107E-02/
0052 DATA RK(37)/,6816182E-01/
0053 DATA RK(3e)/. 107B330E-0l/
0054 DATA RK(39)/.6990519E-O1/
0055 IER - 0
0056 IF (IND LT. 1 OR. IND. OT. 8) 00 TO 290
0057 00 TO (5,5,40,145.265,265). IND
oo 056 IF (N. OT. NWJ. OR. TOL. L.E. ZERO) go TO 295
0059 IF (IND E..2) 00 TO 15
0060 DO 10 K-1.9
0061 C(-) - ZERO
0032 10 CONTINUE
0063 00DTO 30
0084 15 CONTINUE
0065 D0 20 K-1,9
0066 C(K) - ASS(C(IK))
0067 20 CONTINUE
0068 IF (C(I).NE FOUR. AND.( NE. FIVE) G00 TO 30

• 0060 DO 25 (-14N
4 0070 CDKA30) - ABS(C( K30))

0071 25 CONTINUE
0072 30 CONTINUE
0073 C(10) - REPS
0074 C(11) - RTOL
0075 C(20) - X
0076 DO 35 K-21,24

*0077 C(K) - ZERO
0078 35 CONTINUE
0079 00 TO 45
0080 40 IF (C21 NE.ZERO AND (X NE.C(20) OR/XEND.EQ4C(20))) G01TO 285
0061 C(21) - ZERO
0082 45 CONTINUE
0083 50 CONTINUE
.004 IF (C(7).ER(ZERO)OR/C024.LT-C(7)) GO TO /
0085 IND - -1
0086 00 TO 9005
OC, 07 55 CONTINUE
0088 IF (IND EQ 6) GO TO 60
0089 CALL FCN (N.XlYW(1.1))
"0090 C(24) - C(24)EONE
0091 60 CONTINUE
0092 C(13) - C(3)
0093 IF (C(3).NE ZERO) GO TO 120
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97 ,1.

0094 TEMP , ZERO
0095 IF (C(1).NE. ONE) G0 TO-70
0096 DO 65 K-1oN
"0097 TEMP - AMAX1(TEMPABS(Y(K)))
0098 65 CONTINUE

. 0099 C(12) - TEMP
0100 00 TO 115
0101 70 IF (C(1).NE. TWO) GO TO 75
0102 C(12) - ONE
0103 G0 TO :15
0104 75 IF (C(1).NE. THREE) GO TO8'5
0105 DO 80 K-1,N
0106 TEIP a AMAX1(TEMP,ABS(Y(K))/C(2))
0107 80 CONTINUE
0108 C(12) a AMINI(TEMP,ONE)
0109 GO TO 115
0110 85 IF (C(1).IOE.F0UR) GO TO 95
0111 DO 90 K-"IN
0112 TEMP - AMAX1(TEMPABS(Y(K))/C(A÷30))
0113 90 CONTINUE
0114 C(12) - AMINI(TEMP.,ONE)
0115 00 TO 115
0116 95 IF (C(1). NE. FIVE) GO TO 105
0117 DO 100 KFIN

t011 TEMP a AlAXl (TEMP. ABS(Y(K))/C(K+30))
"" 0119 100 CONTINUE

"0120 C(12) - IEMP
0121 GO TO 1150122 100 CONTINUE0123 DO 110 K1i,N

0124 TEMP - AMAX1(TEMPAB$(Y(K)))
0125, 110 CONTINUE

d "0126 C(12) - AIIINI(TEMP, ONE)
0127 115 CONTINUE
o012 C(13) - TE.AMAX,1 (C(11), C(10)*APAXI(C(12)/TOL, ABS(X)))
0129 120 CONTINUE
"0130 C(15) - C(5)
0131 IF (C(5).EQ. ZERO) C(15) - ONE
"0132 IF (C(6). NE. ZERO. AND. C(5).NE. ZERO) C(16) - AMIN1(C(6),TWO/C(5)
0133 IF (C(6).NE ZERO. AND. C(5),EQ. ZERO) C(16) - C(6)
0134 IF (C(6). EQ. ZERO AND. C(5).NE. ZERO) C(16) - TWO/C(5)
0135 IF (C(6). EQ. ZERO. AND. C((5). Ea. ZERO) C(16) - TWO
0136 IF (C(13).LE.C(C1)) GO TO 125
"0137 IND - -2
0138 gO TO 9005

• 0139 125 CONTINUE
0140 IF (IND GT-2) 00 TO 130
0141 C(14) - C(4)
0142 IF (C(4). EQ. ZERO) C(14) - C(16)*TOL*.CID6
0143 GO TO 140
"0144 130 IF (C(23) OT. ONE) O0 TO 135
0145 TEMP - TWO*C(14)
0146 IF (TOL. LT. C20•96C(19)) TEMP - P9*(TOL/C .1)).CID6*C(14)
"0147 C(14) - Al1AXI(TEMP,HAL.*C(14))
"0148 00 TO 146,
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0149 135 CONTINUE
0150 C(14) - HALF*C(14)
0151 140 CONTINUE
0152 C(14) - AMINI(C(14)..C(16))
0153 C(14) - AMAX1(CU14),C(13))
0154 IF' (C (8). EQ, ZERO) GO TO 145
0155 IND -4
0156 GO TO 9005
0157 145 CONTINUE

0158 IF (C(14).CE.ABS(XEND-Y)) GO TO 150
0159 C(14) - AMINI(C(14),HALF*ABS(XEND-X))

0180 C(17) - X+SIGN(C(14),XEND-X)
0161 GO TO 155
0162 150 CONTINUE
0163 C(14) - ABS(XEND-X)
0164 C(17) w XEND
0165 155 CONTINUE
0166 C(IS) - C(17)-X

*0167 DO 160 K-1,N
0168 W(K..9) - Y(K)+C(1B).-4(K,1)*R(l)
0169 160 CONTINUE
0170 CALL. FCN (N,.X.C(18)*C1D6,W(1..9).W(1..2))
0171 DO 165 K-IN
0172 W(K,9) - Y().C(ie)*(w(,t,I)*RK(2)+W(K,2)*RK~(3))
0173 165 CONTINUE
0174 CALL FCN (N. X+C(IS)*C4D15,W(I,9)..W(1,3fl
0175 DO 170 K-IN
0176 W(K,9) - ()CE*((1)K()WK2*K5WK3)K6)
01 77 170 CONTINUE
0178 CALL iCN (N,X+C(18).C2D3,W(1,9),Wc1,4))
0179 DO 175 A-1,N
0180 W(A..9) - ()Ci)(WKI*K7WK.)K()(K )R(9

1 +W(K..4)*RK(10))
0181 175 CONTINUE
0182 CALL FCN (N. X.C(18)*C5D6.W(1..9),W(l, 5))
0183 DO 180 K-1..N
OIBA W(K,9) - Y(K).CC18).(W(,1.RK(Il)-W(KI2)*RK(12.W(K.3)*RK(13:

1 -W(K,4)*RK(14)-$W(K,5)*RK(I5))
0185 ISO CONTINUE
018 e6 CALL FCN (N,x~C(ie).W(1.9),W(1,6))

A...0187 DO 185 K-I. N
OleeW(K.9) a Y(K)+C(l8)*(-W(K..1)*RK(16)+W(K,2)*RK(17).-W(K.3)

018 1 RK(18)-W(K.4)*RK(19)+W(K,5.*R(20))

0189 185 CONTINUE
0190 CALL FCN (N. X+C(18)*CIDISW(x..9),Wc1,7))

0191 DO 190 K-l.N
*.0192 W(K,9) - YK+(B*WK1*),2I-(,)R(2*(,)R(b

I -W(K,4)*RK(24)+W(K,5)*RK(25)+W(K,7).RK(26))
0193 190 CONTINUE

*0194 CALL FCN (N,X+,C(18),W(1,9),W(1,8))
*0195 DO 195 K-1,N

0196 W(K..9i - Y(K)+C(18)*(W(K,1).RK(27)+W(K3).R(2S)+W(K,4..RK(29)

U.... 1I +W(K..5)*RK(70)+W(K,.7)*RK(3x )+W(K',B )*RK(32))
0197 195 CONTINUE

*0198 C(24)- C(24,*SEVEN
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U 0199 DO 200 "I-,N
0200 W(K. 2) - W(K, 1)*RK(33)+W(K. 3)*RK(34)-W(K, 4) *RK(35)+W(K, 5)

I *RK(36)+W(K, 6)*RK(37)-W(K, 7)*RK(38)-W(K, S)eRK(39)
0201 200 CONTINUE

* 0202 TEMP - ZERO
0203 IF (C(l). NE. ONE) 00 TO 210
0204" DO 205 K-I,,N
0205 TEMP m AMAX1(TEMP, ABS(W(K. 2))))
0206 205 CONTINUE
0207 O TO 260
0206 210 IF (C(1).NE. TWO) GO TO 220
0209 DO 215 K-1,N
0210 IF (Y(K). EG. ZERO) G0 TO 280
0211 TEMP - AMAXl(TEMPABS(W(K.2)/Y(K)))
0212 &15 CONTINUE
"0213 G0 TO 260
0214 220 IF (C(1).NE. THREE) 00 TO 230
0215 DO 225 K1,,N
0216 TEMP - AlMAX1(TEMPABS(W(K,2))/AMAXI(C(2).ABS(Y(K))))
0217 225 CONTINUE
0218 G0 TO 260
0219 230 IF (C(1) NE.FOUR) 00 TO 240

- 0220 00 235 K-1,N
0221 TEMP - AMAXI(TEMP,A9S(W(K,2))/AMAXI(C(K+30).ABS(Y(K))))
0222 235 CONTINUE
0223 00 TO 260
0224 240 IF (C(l). NE. FIVE) G0 TO 250
0225 00 245 K-1,N
0226 TEMP - AMAX1(TEMPABS(W(K.2)/C(K+30)))

* 0227 245 CONTINUE
0228 00 TO 260
0229 250 CONTINUE
0230 DO 255 K-,N
0231 TEMP - AMAX1(TEMP,ADS(W(K,2))/AMAXI(ONEABS(Y(K))))
0232 255 CONTINUE
0233 260 CONTINUE
0234 .. C(19) a TEJP*C(14)*C(15)
"0235 IND - 5
0236 IF (C(19).QT.TOL) IND - 6
0237 IF (C(9).NE. ZERO) GO TO 9005
0238 265 CONTINUE
0239 IF (IND. EG. 6) 00 TO 275
0240 X - C(17)
0241 DO 270 K-IN
0242 Y(K) - W(K,9)
0243 270 CONTINUE
"0244 C(22) - C(22).+ONE
0245 C(23) - ZERO
0246 IF (X.NE.XEND) gO TO 50
0247 IND a 3
0248 C(20) - XEPND
0249 C(21) - ONE

. 0250 G0 TO 9005
0251 275 CONTINUE
0252 C(23) S C(23).ONE

*C -
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0253 IF (C(14).CT.C(13)) gO TO 50
0254 IND - -3
0255 gO TO 9005
0256 280 CONTINUE
"0257 IER - 132
0258 GO TO 9000
0259 285 CONTINUE
"0260 IER - 131S0261 00 TO 9000

.0262 290 CONTINUE
0263 IER - 130
0264 G0 TO 9000
"0265 295 CONTINUE
0266 IER - 129
0267 9000 CONTINUE
0268 9005 CONTINUE
0269 RETURN
0270 END

"".
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C SUBROUTINE SPLOC
C SPILL LOCATION DEFINITION

* ccccccccccccccccccccccccccc~ccccccc cccccccccc~cccC
C
C THIS SUBROUTINE IS CALLED BY "DMODEL". IT INPUTS THE SPILL
C SOURCE LOCATION. IF THE SPILL IS IN A RIVER (SHAPE < 2), THE
C SPILL OCCURS AT X - 0 Y-0 AND X > 0 IS DOWNSTREAM. IF THE SPI
C IS IN A LAKE OR COAST, THE X,Y LOCATION OF SOURCE IS INPUT.
C IF THE CURRENT - F(SPACE), THE BOX OR SLICE IN WHICH THE SOURC
C LIES IS ALSO REQUESTED.
C -.XQYQ - INITIAL SPILL LOCATION. M
C ** ISP - BOX OR SLICE NO. WHEN CURRENT - F(SPACE) IN OPEN WA
C

"0001 SUBROUTINE SPLOC
0002 COMMON/CONTOUR/SHAPE, X(10), Y(10), XC, YCo IC, IW, ISP, XO, YO
0003 COMMON/TRANSIT/UX( 10, 10), UY(10* 10). VWX( 10),

"* ' 1 VWY(10),THETA(10).TI(10)° ID, IT, IV,
2 XU(10)°YU(10),TT(10)

0004 I - SHAPE
0005 IF (I.E0.1) 0o TO 99
"0008 7 WRITE (6,10)
0007 10 FORMAT (1X,41HQIVE SPILL COORDINATES X AND Y, IN METERS)
0008 READ (5, *,ERR-7) XCYC
0009 WRITE (1, 12) XC, YC
"0010 XO - XC
0011 YO - YC

, 0012 12 FORMAT (//SX,30H5. THE SPILL ORIGIN IS AT X , ,E12. 5,
1 IX, 1OHMETERS AND, /31X, 4HY - , E12. 5. 1X, 7HMETERS.

0013 IF (IC. EQ. 2. OR. IC. EQ. 4) go TO 27
0014 ISP " 1
0015 00 TO 99
0016 27 WRITE (6,30)
0017 30 FORMAT(IX,62HWHAT BOX (LAKE) OR SLICE (COAST) DOES THE SPILL C

$GIN LIE IN?)
0018 READ (5,*,ERR-27) ISP
0019 99 RETURN
0020 END
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CCCccccccccccccccccccCccccc~c~c~CccC~c~c~cCc~cccCCccccC~c~cCCCCcccCCCCC(
C SUBROUTINE SPREAD

*C THIS IS THE MAIN COMPUTING BLOCK
* C~ccccccCC~ccCCcccccccccc~c~cCccccccCccccccc~c~c~cCc cccCccccc~cCccCc~cCCCc

C
C THIS SUBROUTINE IS CALLED BY "OMODEL". IT ORCANIZES THE
C CALCULATIONS AND CALLS THE COMPUTING EQUATIONS. IT ASKS FOR
C INPUT:12 C .4TPT - TIME INTERVAL BETWEEN PRINTOUT OF RESULTS, SEC

0001 SUBROUTINE SPREAD
0002 COMMON/STYPE/SPILLM. SPILMR. TSPILL. WS. STP. SPM
0003 COMMON/CONTOUR/SHAPE, X(1O),Y(10). XC.YC. IC, 1W.ISP. XO. V
0004 COMMON/CONSTAT/UC. VW. UTBAR. UO, UX.WT. ALPH, THETAI
0005 COMMON/TRANSIT/UX(10, 10),UY(10.I0),VWX(10).S ~~VWY( 10). THETAC 10). TIC 10), ID, IT. IV.

2 XU(1C4),YU(10),TT(10)
0006 COMMON/MASS/TOTALE. TOTALD. TOTALM. OMASS
00,07 COMMON/MOVE/UPEAK( 10). XLE. XTE. YLE. YTE, DELT. TIME, TSTOP. TCHECK
oooe COMMON/SPREAD/TII,ATKHTK. ATN, HTN.HMIN. INDEX. IFLAG
0009 COMMON/RUNGE/YY(5).C(24),WUCS,30)
0010 COMMON/MLOSS/EVAPM. DISSOM

r0011 COMMON/CURRENT/UBAR( 10). D.0VE, UTOT,ULTX. UTY.UREL
0012 COMMON/EVADIS/DAN. UXA. SCHMIA. CSA. OWN. UXW. SCHMIW. CSW
0013 COMMON/SENSE/EVA(40, 10),DIS(40. 10),THK(40. 10),TIN(40. 10).

1 PIP(40),TPT
0014 COMMON/UAVE/UCX1, LCYI, VWX1.VWYI
0015 COMMON/PRIM/PRIME(5), IDEB. KKK
0016 I - STPi.0017 IH- 0

0019 KKK-0
C
C IF TSTOP/TPT IS GREATER THAN 40. USER WILL BE ASKED TO
C REENTER A PRINTOUT TIME STEP(TPT). OTHERWISE, USER CAN
C INCREASE ARRAY SIZES IN LABELED COMMON /SENSE/
C EVADIS,THKTINPIP
C

V.0020 5 WRITE (6,1)
0021 1 FORMAT (/lX,4OHINPUT THE PRINTOUT TIME STEP IN MINUTES.)
0022 READ (5..) TPT
0023 TPT-TPT*60.
0024 TTRY-TSTOP/TPT
0025 IF(TTRY. OT. 40. ) THEN
0026 WRITE(6.6)
0027 6 FORrIAT(1X,

1 47HYOU HAVE EXCEEDED ALLOWABLE NUMBER OF PRINTOUTS/IX.
2 42HWITH THIS TIME STF.P. THE PROBLEM DURATION/lX,
3 56HDIVIDED BY THIS PRINTOUT TIME STEP MUST SE LESS THAN 40.
4 /1X.6HAGAIN,)

0028 GOTO 5
0029 ELSE
0030 ENDIF
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C NEXT 11 STATEMENTS CALCULATE DUMMY VARIABLES NEEDED TO
C CALCULATE THE VELOCITY USED IN THE SPREADING MODELS --

"C UTBDAR, AT STATEMENT 100 - WHEN NEITHER THE CURRENT NOR
C THE WIND DEPEND ON TIME.
C

0031 IF(J.GE.2) M-ISP

C
C
C ISP -BOX OR SLICE OF SPILL LOCATION WHEN CURRENT -F(SPACE)
C
C

0032 IF(J.EQ.1) M-1
0033 UCXI-UX(M,)
0034 UCYI1UY(M,1)
0035 VWX1 - VWX(I)
0036 VWY1 - VWY(1)
0037 IF(.J.EQ.1) THEN
0038 VWX1-VW * COS(THETA1)
0039 UCXI-UC
0040 ELSE
0041 ENDIF
0042 IF (I .EG. 4) GO TO 103
0043 GO TO 200
0044 103 IF (J.NE.1) 0O TO 2
0045 IF(IC.GT.1.OR.IW.GT.1) 0O TO 3
0046 0O TO 100
0047 2 IF(IC. GT. 2.OR. IW. GT. 1) GO TO 3
0048 CO TO 100
0049 3 CONTINUE

C
C
C NEXT 7 STATEMENTS CALCULATE THE VELOCITY USED IN THE SPREADING
C MODELS - UTBAR -- WHEN THE CURRENT OR WIND IS A FUNCTION OF TII
C
C
C CALL SUBROUTINE UTPEAA TO COMPUTE MAXIMUM
C TRANSPORT VELOCITY WHEN THE CURRENT OR
C WIND IS A FUNCTION OF TIME

0050 CALL UTPEAA
C CALL SUBROUTINE CURRENT TO CALCULATE
C AVERAGE TRANSPORT VELOCITY OVER ENTIRE
C SPILL DURATION

0051 CALL CURRT
0052 4 CONTINUE

C
0053 IF(J.G E. 2) M-ISP
0054 IF(J.EG.E1) M-I
0055 IF(UBAR(M).LT. (0. 3*UPEAK(M))) 0O TO 50
0056 UTBAR = UBAR(M)
0057 0O TO 200

C
C- ---------------------------------- ------- ----

C UTBAR .LT. (0.3*UPEAK)
C SET UT - 0 AND CHANGE SPREAD MODEL TO MODEL
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"C WITHOUT CURRENT .......................

0058 50 DO 55 KK=1, ID

"0059 UBAR(KK) = 0.0
0060 55 CONTINUE
"0061 UTBAR - 0. 0
0062 IF( STP. EG 4. 1 ) STP-2. 1
0063 IF( STP.EQ.4.2 ) STP2.2
0064 PRINT *, 'CHANGE TO MODEL ',STP
0065 GO TO 200
0066 100 UTBAR - SQRT((UCX1+0.035*VWXI)**2+
0 (UCY1+0. 035*VWYI)**2)
"0067 200 CONTINUE

C%" C

. C ---- CALL SUBROUTINE INIT TO CALCULATE
C INITIAL CONDITIONS
"C

0068 WRITE (1,299)
0069 299 FORMAT(lHI/10X,

2 /10X, IH*, 16X.22HSPREADING MODEL OUTPUT, 18X, tH*/1OX,
3 60*****.,*******,*~**..*4**.****--*************~***************

0070 CALL INIT
"0071 IF(KKK. EG. 3) GOTO 351

C
C
"C 'KKK' IS A CODE THAT DETERMINES IF AN INSTANTANEOUS SPILL HAS
C EVAPORATED OR, FOR A CONTINUOUS SPILL, IF THE EVAPORATION RAT[
C DISCHARGE RATE, DURING THE INITIAL CONDITION TIME PERIOD. IT
C IS COMPUTED IN "INT12A" AND "INIT4A".
C
C

0072 TIME-TII
0073 YY(1)-ATK
0074 YY(2)-ATN
0075 YY(3)=HTK
0076 YY(4) - 0.0

- 0077 YY(5) - 0.0
"C

007e 300 ISTP-STP
0079 IF(ISTP. EQ 1) GO TO 350S-- WHEN ISTP-1 SPILL IS INSTANTANEOUS ----
0080 SPM - SPILMR
0081 310 IF (TIME. LT. TSPILL) GO TO 350C

C
"C FROM HERE TO 350 IS EXECUTED ONLY IF SPILL IS CONTINUOUS
"C AND DISCHARGE HAS JUST STOPPED.
C
C
"C ---- SPILL WAS CONTINUOUS. HOWEVER IT HAS STOPPED...
C ---- CALL 'SWITCH' AND CHANGE TO APPROPRIATE
C INSTANTANEOUS SPILL MODEL
C
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0092 CALL SWITCH
0083 350 CONTINUE

C
C CALL SUBROUTINE TRANSP TO CALCULATE SURFACE TRANSPORT VELOC.

0084 CALL TRANSP
C
C CALL "INTE' TO SOLVE SIMULTANEOUSI C DIFFERENTIAL EQUATIONS -

0085 CALL INTE(XEND)
0096 IF (TIME. GE. TSTOP) GO TO 353
0087 IF (SHAPE. LT. 1. 9) 0O TO 351

C
C
C SKIP THE SLICK HITTING THE COAST LINE ROUTINE "GROUND"

I

C WHEN SPILL IS IN RIVER.
C
C

0089 CALL GROUND(IH)
C
C
C IF IH > 0 E THE SLICK HAS HIT THE COAST LINE.
C

0099 AC
S0087 IF (IH.GT.0) GO TO 999

C
C
C FROM HERE TO 353 IS A ROUTINE THAT PRI:HrS OUT THAT AN
C INSTANTANEOUS SLICK HAS EVAPORATED (355) OR THE EVAPORATIONNC RATE HAS INCREASED TO EQUAL THE DISCHARGE RATE FOR A CONTINUOUS
C SPILL.. THE CRITERION IS
C TCHECK > TIME
C AND IS DETERMINED IN SUBROUTINE "CHEAMS".
C
C

0090 351 IF (TCHECK.R T. TIME) GO TO 353
0091 TEMP - T.ME/60.
0092 IF (ISTP.AEQ.U) SC TO 352
0093 ThPT-TSPILL/60.
0094 WRITE (1.354) TEMPA TEPT
0095 WRITE (6,354) TEMP,TMPT
0096 SPILLM - SPILMR * TIME
0097 TIME - TSPILL
0098 TCHECK - TSTOP
0099 GO TO 310
0100 352 CONTINUE
0101 DELTIM - (SPILLM - TOTALE TOTALD) /(EVAPM*YY()

1 + 01PE.M * YY(1))
0102 TOTALE-TOTALE + DELTIM * EVAPM Yy(1)
0103 TOTALD-TOTALD + DELTIM * DISSOM YY(/)
0104 TMASS - 0.

0105 TOTALM - 0.
0106 YPIl) : 0.
0107 YY (2)- - 0.

"0109 RADNIN 0
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0110 RAD2 - 0.
0111 TIME- TIME + DELTIM
0112 TEMP - TIME / 60.
0113 WRITE (1,355) TEMP
0114 WRITE (6,'355) TEMP
0115 GO TO 999
0116 353 CONTINUE

C
C
C BACK IN MAIN LOOP NOW -- EXCEPT FCR FORMATS 354 AND 355

"C
C ---C CALL 'MOVE' TO TRACK SPREADING
C

0117 CALL MOVE
0118 354 FORMAT (////lX,

2 /1X. 1H*,2X,
3 48HTHE RATE OF MASS LOSS HAS INCREASED UNTIL IT IS ,SX,1H*/IX,
4 IH*.2X,34HAPPROXIMATELY EQUAL TO THE RATE OF,.2X,1H*,/1X,1H*,23
5 25SHSPILLING AT TIME EQUAL TOEl2.5,2X,7HMINUTES,IOX,1H*/1X,1H*,
6 2X,55HTHE SLICK SIZE REMAINS CONSTANT FROM PJOW UNTIL SPILLING,
7 1X, 1H*/IX, lH*,2X, 14HSTOPS AT TIME-,E12. 5,
8 25H MINUTES AND THE PRINTOUT,5X,1H*!IX,IH*,2X,
9 49HRESUMES WHEN THE SLICK SIZE BEGINS TO VARY AGAIN.,7X,IH*/IX,
1 60*******.**.*********.**********.**--************4***************

0119 355 FORMAT(////IX,
1 80H***********4**********************.***.**********************'

2 fiX, 1H*,
3 58HALL THE SPILLED MASS HAS BEEN EVAPORATED AND(OR) DISSOLVED,
4 1H*/1X, IH*,
5 30HAT TIME APPROXIMATELY EQUAL TOE12.5,2X,7HMINUTES,
6 7X, IH*/IX,
7 6OH. * . . . * * ** 4

0120 IF (TIME. LT. TPT) GO TO 400
C

C NEXT 6 STATEMENTS DETERMINE IF PRINTOUT IS REQUIRED AND BREAK
C TIME INTO MINUTES AND SECONDS FOR PRINTOUT
C
C

0121 IJ - TIME
0122 IK - TPT
0123 DIC - ABS(TIME - FLOAT(IJ))
0124 IF (DIC .GT. DELT) GO TO 400
0125 MD =MOD(IJ,IK)
0126 IF (MD .NE.0) GO TO 400

C ---- TIME TO PRINT OUT SOME RESULTS-
0127 CALL PRINTO

C
C
C DETERMINE IF THICKNESS OF THICK SLICK IS LESS THAN HMIN.
C IF SO, STOP.
C
C
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0128 AO0 IF(ISTP. EQ. 4. AND. TIME. LT. TSPILL) GOTO !i10
012q IF (YY(3).LT.HMIN) THEN
01 3 WPITE(1 500)HMIN. TIME
0131 WRITE(6. 500)HMIN, TIME
0132 500 FORMAT(///5X,

1 29HTHE THICK SLICK IS LESS THAN *E12.5,11H M AT TIME-,E13.6,
2 8H SECONDS)

0130 00 TO 999
0131 ELSE
013! ENDIF

C

C STOP IF TIME >- RUN TIME
C
C

0134 510 IF (TIME. OT. TSTOP) 00 TO 999
0137 00 TO 300
0131 998 CONTINUE

C

CC STOP IF SLICK HITS COASTLINE
C
C

0139 TEMP - TIME/60. 0
01401 WRITE ('1,997) TEMP
0141 WRITE (6,"7) TEMP
0142 997 FORMAT(///IX,

2 /1X, 1I•*,2X,
3 52HTHE SLICK HAS HIT THE BOUNDARY AT TIME APPROXIMATELY,
4 4X, 1H./1X, 1H*.2X,SHEGUAL TO, 2X,E12. 5,7HMINUTES,27X, 1H*/IX.
5 60H*************-**

01431 999 CONTINUE
01441 RETURN
0145i END
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C SUBROUTINE SPTYPE
C THIS SUBROUTINE SPECIFIES SPILL TYPEt~i*'. c~cccccccIccccccccccccccccCCcCccccccCccccccccccccccccccCcccCcCcccccccc

C THIS SUBROUTINE IS CALLED BY "DMODEL". IT INPUTS THE CHEPICA
C PROPERTY.DATA AND THE TYPE OF SPILL (INSTANTANEOUS OR CONTINK

* ~~C .44IT SETS UP THE FOLLOWING CODE *

C
C STP - 1. 1. INSTANTANEOUS IN RIVER
C STP - 1, 2, INSTANTANEOUS IN OPEN WATER

-'C STP - 2. 1. CONTINUOUS IN RIVER WITH NO CURRENT
C STP - 2. 2, CONTINUOUS IN OPEN WATER WITH NO CURRENT
C STP - 4. 1, CONTINUOUS IN RIVER WITH CURRENT
C STP - 4.2, CONTINUOUS IN OPEN WATER WIIH CURRENT

~I.
0001 SUBROUTINE SPTYPE (PB)
0002 COMMON/STYPE/SPILLM. SPILMR. TSPILL. WS. STP. SPM
0003 C.OMMON/CONTOUR/SHAPE,X(10),Y(l0),XC.YC. IC.1W. ISP. XO.YO

* -'0004 COMMON/WATER/DENW.VISW.QR
CO05 COMMON/CHEMI/DENO. DCA. DCW. CS. CMW
0006 COMMON/ENVOR/PY, VISA. DENA. TDC
0007 COMMON/INTER/COEF, SIOWA, SICOA. SIQOW. SIO
0008 COMM0N/MOVE/UPEAK( 10).XLE. XTE. YLE. YTE. DELT. TIME. TSTOP. TCHECK'
0009 COMMON/ID/IDI, 102,1103
0010 COMMON/NAME! NC(2. 20)
0011 CHARACTER*1O NA1ME(2).NC

C
0012 1IE 1'o
0013 102-0
0014 ID3-0
0015 WRITE (8, 10)
0016 WRITE (1,10)
0017 10 FORMAT (H/S.2H4...4.4444

1 S~X. 1H.4X, 1OHSPILL TYPE,4X. IN'.
2 5X, 2CH**....444....44,.4*..*)

C CHEMICAL NAME AND PROPERTIES --
C

* C
C *4STATEMENTS FROM THIS POINT TO ABOUT STATEMENT * 49
C .4CAN BE REPLACED BY "CHRIS" DATA FILES IN M¶ERCED
C *4 ACS PROGRAMS.
C

C

c THE INPUT CHEMICAL PARAMETERS ARE,

C
C DENO -DENSITY. KG/CU. M
C CMW -MOLECULAR WEIGHT
C DCA -DIFF'USION COEFFICIENT IN AIR, SO. M/SEC

C DCW -DIFFUSION COEFFICIENT IN WATER, SO. H/SEC
C PY - VAPOR PRESSURE, N/SO M
C CS - SOLUBILITY LIMIT, KG/CU M
C SlQOA -CHEMIICAL-AIR INTERFACIAL TENSION, N/M
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C 80OMW - CHEMICAL-WATER INTERFACIAL TENSION. N/M
c

. C CALCULATED CHEMICAL PARAMETERS ARE:
C
C SIG - SPREADING COEFFICIENT
C - SIgWA - SIGOA - SIGOW, N/M
C COEF I 1- DENO/DENW

SC NOTE : COEF IS CALLED DELTA IN THE REPORT.
C

"0018 WRITE (1,15)
0019 15 FORMAT (/SX, 12HPROPERTIES
0020 1109 WRITE(6, 1110) (J, NC(1,,J), NC(2, J),'J+I, NC(1.J+I), NC(2oJ.I)

.I J-1,20,2)
0021 1110 FORMAT(IX, 50HWE HAVE STANDARD PROPERTIES FOR THE FOLLOWING CH

1 5HICALS,/, 10(lX, I2,2H. ,2Al0s2X,12,2H. o2A10o/))
0022 WRITE(6,8)
"0023 8 FORMAT( SX, 25HENTER THE NO. YOU WANT OR, /, 5X, 14HNEQATIVE VALUE

1 39H - IF YOU WANT TO INPUT THE PROPERTIES, /, 3X,
"2 14H 99 .25H - IF THE CHEMICAL IS NOT,
"3 12H ON THE LIST)

• 0024 READ (5.*,ERR-1109) ICS
0025 IF (ICS .LT. 0) 00 TO 17
0026 IF (ICS GT. 90) GO TO 12
0027 CALL CHEMCL(ICS, NAME, P9, PHI. DENO, CS. CMW, DCA,

1 DCW. SIGOA. 5100W)
0028 GO TO 1036
0029 12 WRITE (6,13)

S0030 13 FORMAT(/IX,33HWHAT IS THE NAME OF THE CHEMICAL?)
0031 READ (5,14,ERR-12) NAME
0032 14 FORMAT (2A10)
0033 17 WRITE (6.18)0034 is FORMAT (IX. 29HENTER ITS DENSITY IN KG/CU M.
0035 READ (5.*,ERR-17) DENO
0 0036 700 WRITE (6,701)
"0037 701 FORMAT (IX,41HINPUT ITS MOLECULAR WEIGHT IN KG/KQ-MOLE.)

S003 READ (5,*,ERR-700) CMW
0039 22 WRITE (6,23)

.'-.0040 23 FORMAT(/IX,56HENTER DIFFUSION COEFFICIENT OF VAPOR IN AIR IN
-M/SEC.)

0041 READ (5, e, ERR-22) DCA
C

"0042 30 WRITE (6, 31)
0043 31 FDRMAT(/1X,

65lHENTER DIFFVSION COEFFICIENT OF LIQUID IN WATER IN SO M/SEC.)
0044 READ (5,*.ERR-30) DCW

C
0045 34 WRITE (6,35)
0046 35 FORMAT(/1X, 45HIS PV (VAPOR) 1, A N•bE• OR 2. A FORMULA`)
0047 READ (5, ,ERR-34) I
0040 00 TO (36,38) I

S0049 36 WRITE (6,37)
0050 37 FORMATE/IX, 17HENTER CONSTANT PV)
0051 READ (5,*,ERR-36) PV
0052 00 TO 39
0053 38 WRITE(6, 138)
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0054 138 FORMAT(/IX,31HPV IS A FUNCTION OF TEMPERATURE/
I 5X,25HPV,10.O*4*(A1-BI/(CI+TDC))/
2 6X,32HENTER COEFFICIENTS Al, 81 AND Ci)

0055 READ (5.,.ERR-38) A1,B1,C1
0056 PV - l0.0**(A1-B1/(C1+TDC))
0057 39 CONTINUE
0058 WRITE (6,.0)
0059 40 FORMAT(/IX,47HINPUT THE SOLUBILITY LIMIT OF CHEMICAL IN WATER

1 IIH .KG/CU.M. ))
0060 READ (5,*,ERR-39) CS

* - C.

0061 60 WRITE (6,61)
0062 61 FORMAT(/IX,44HINPUT (1) CHEMICAL/AIR INTERFACE TENSION AND,

1 /6X.36H(2) WATER/CHEMICAL INTERFACE TENSION.
2 /1X, 16HUNIT : NCWTON/M

0063 READ (5,.,ERR=60) SIQOA.SIGOW
0064 1036 CONTINUE
0065 WRITE (1,9) PB
0066 WRITE (6,9) PS
0067 9 FORMAT(/5X.23HBAROMETRIC PRESSURE ,F12.3,2X,8HMILLIBAR.//)
0068 WRITE ( 1.11) TDC
0069 WRITE (6,,1) rDC
0070 11 FORMAT(/5X,14HTEMPERATUVRE :,F12.3.2X,9HDEGREES C,//)

- 0071 WRITE (*,16) NAME
0072 WRITE '6, 16) NAME
0073 16 FORMAT (//5X,IBHCHEMICAL NAME IS: ,2A10)
0074 WRITE (1,41) DENO
"0075 WRITE (6,41) DENO
0076 WRITE (1 1013) CMW
"0077 WRITE (6, 1013) CMW
0076 1013 FORMAT (/SXI8HMOLECULAR WEIQHT i,.F10.3.2X,10HKQ/KQ-MOLE)
"0079 WRITE (1,42) DCA
0080 WRITE (6,42) DCA
0081 WRITE (1,44) DCW
"0092 WRITE (6,44) DCW
0083 WRITE (1,46) PV
0084 WRITE (6,46) PV
0085 WRITE (1,48) CS
0086 WRITE (6,48) CS
0087 41 FCRMAT (/5X.25HCHEMICAL DENSITY , ,F12.2,2X.emKc/CU M
0089 42 FORMAT (/5X,25HDIFFUSiON COEFF (AIR) -,E12 5,2X,9HS M /SEC
008o9 44 FOPAT (/ýX,25HDIFFUSION COEFF (WATER) ,,E12 5,2X, gSG M /SEC
0090 46 FORMAT (/3X.25'ACHEMICAL VAPOR PRESSURE -,FI2.2,2X,

1 12HNEWTON/SG M
0091 48 FORMAT (/5X,25HSOLUBILITY IN tATER -,F12 2,2X, SOHg/CU M.
0092 WRITE (1,1035) SI0A,SIGOW
0093 WRITE (6, 1035) SIGOA, SIGCw
0094 1035 FORMAT (/5X,J3HT-THE INTERFACE TENSION WRT AIR IS ,E10 5,

1 2X,9HNT:WTO1N/M ,/5X,
2 35HTHE INTERFACE TENSION WRT WATER IS ,EIO 5,2X,
-3 9HN.WTON/1M

SC95 SIG - SIGWA-SICi1W-SIGOA
". 000's% WRITE (1,40) SIG

.Oq7 WRITE '6,4q. SIG
OO99 49 FORMAT,/5X,29HTHE SPREADING COEFFICIENT IS ,E1O.,2X,9HNEWT7N
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0099 COEF-l.O-DENO/DCNW

C

C THE SPILL PARAMETERS ARE.
C
C
C SPILLPI - TOTAL MASS OF INSTANTANEOUS SPILL, KG
C SPILLMR -DISCHARGE RATE OF CONTINUOUS SPILL, KG/SEC
C TSPILL TOTAL DISCHARGE TIME. SEC

C
.001 50RE S. INSTANTANEOUS OR 2. CONTINU

51 FORMAT(/lX.47H1SSPL
0102 READ (5.e.ERR-50) ITYPE
0103 GO TO (100,200) ITYPE

C

C INSTANTANEOUS SPILL
C------------------------------- ------ ------ ---------

0104 100 CONTINUE
0105 WRITE (1,101)
0106 101 FORMAT (//TX D30Hl. THE SPILL IS INSTANTANEOUS.
0107 102 WRITE (6,103)
0101 103 FORMAT(/1X, 44HINVT THE TOTAL SPILLED VOLUME (CUBIC METER))
0109 READ (5.*,ERR-102) TEYP
0110 SPILLII - DENO * TEll
0111 WRITE (1,104) SPELLP
0112 104 FORMAT (/5X, 24H2. TOTAL MASS OF SPILL -E12. 5. 2X, 3HKG.

C
0113 105 CONTINUE
0114 1I SHAPE
0115 IF TE (1) 00 TO 120

C ---- SPILL IS IN OPEN WATER
0116 STP - 1.2
0117 GO TO 299
0118 120 CONTINUE

C ---- SPILL IS IN RIVER OR CHANNEL
"0119 SR - . R )
0120 00 TO 299

C
0121 200 CONTINUE

C

C CONTINUOUS SPILL

"0122 WRITE (1,201)
0123 201 FORMAT (//3X,27H1. THE SPILL IS CONTINUOUS.
0124 204 WRITE (6,205)
0125 205 FORMAT(/IX 39HINPVT THE RATE OF DISCHARGE (C. M. /SEC))
0126 READ (5,',ERP-204) TEM
0127 SPLMR - DENO * ,EM
"0128 WRITE (1,206) SPILMR
0129 206 FORMAT (/5X,29H2. THE MASS DISCHARGE RATE Fe.3,2X.

I 7HKG/SEC.X
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0130 207 WRITE (6,208)
0131 208 FORMAT(/1X,44HINPUT THE TOTAL DURATION OF SPILL IN MINUTES)
0132 READ (5,*,ERR=207) TSPILL
0133 WRITE (1,210) TSPILL
0134 210 FORMAT (/5X,29H3. TOTAL DURATION OF SPILL - ,E12. 5,4HMIN.)

* 0135 TSPILL-TSPILL*.0.
C

0136 220 CONTINUE
0137 I-SHAPE
0138 222 IF (I. EQ. 1) GO TO 250

"C ---- SPILL MUST BE IN OPEN WATER-.....
0139 224 IF (IC. NEO OR. IW. NE 0) GO ro 240

C NO CURRENT ----
0140 STP a 2. 2
0141 GO TO 299
0142 240 CONTINUE

C ----- THERE IS CURRENT-----
0143 STP -. 4. 2
0144 GO TO 2T9

C
0145 250 CONTINUE

C ---- SPILL IS IN RIVER OR CHANNEL
0146 252 IF (IC. NE.0OR. IW.NE. o) GO TO 260

C ---- NO CURRENT ----
S0147 STP - 2 1

0148 GO TO 299
0149 260 CONTINUE

C ----- THERE IS CURRENT
0150 STP - 4. 1

"I.. C
0151 299 RETURN

0152 END

iC

i
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CCcCCcCCccccccCcccCccCccCCC CCcC CCCCCCCCCCCCCCCCCCCCCCCCC CCCC C CCCC
"=" C SUBROUTINE SWITCH C

C THIS SUBROUTINE IS USED TO SWITCH THE CONTINUOUS C
C MODEL TO THE PROPER INSTANTANEOUS MODEL AFTER C

-" C THE SPILL STOPS ......... C*• CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCcCcCCCCCcCCCCCC

C
C THIS SUBROUTINE IS CALLED BY "SPREAD", IT CHANCES A CONTINUOUS

SC SPILL TO AN INSTANTANE.US SPILL AFTER THE DISCHARGE STOPS, AND
C COMPUTES THE CENTER OF THE NEW INSTANTANEOUS SPILL SLICK.
C

"0001 9 JIROUTINE SWITCH
0002 ( .,1'•"ION/STYPE/SP ILLM, SP ILMR, TSP ILL, WS, STP, SPM

, 0003 ( .)MON/SI ZE/R,- D WW, L1, L2, H, RO
0004 CJ*VoON/CONTOUR/SHAPE, X(lO), Y(10), XC, YC, IC, IW, ISP, XO, YO
0005 C:O•MON/RUIfE/YY(5), C (24), W(5, 30)
0006 C3PMfON/CONSTAT/UC, VW, UTBAR, UO. UJ, WT, ALPH, THETAI
0007 Cr3MMON/CURRENT/UBAR (10). DMOVE, UTOT, UTX, UTY, UREL
0006 C.MMON/MOVE/UPEMA( 10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK

•-, 0009 COM9ON/P.LOSS/EVAPPDoISSOM
0010 COMM"0N/SENSE/EVA (40. 10). DIS(40, 10), THK(40, 10). TIN(40, 10),

I PIP(40),TPT
" 0011 COMMON/SPREAD/TI I1 ATK, HTK, ATN, HTN. HmIN. INDEX, IFLAQ

0012 COggON/CK/C10. C20# C 11, C21, C12, C22, K1o. K20, K2i, K21,
1 K12,K22

0013 REM. KIOK2,Kll,K2,,K12,.K=2
C

0014 ISTP - STP
C

C I1TP - 2: CONTINUOUS SPILL WITH NO CURRENTs
C I8TP a 4: CONTINUOUS SPILL WITH CURR004T

0015 IF (ZS"P.EEQ. 4) 00 TO 100
:% 0016 SPILL.M - SPILMR * TSPILL

0017 IF (STP. EO.2 . 1) STP-1.1
0018 IF (STP.EG.2.2) STP-1.2

- 0019 00 TO 99
C

0020 100 CONTINUE
"0021 IF (STP.EQ.4 2) GO TO 150
0022 SPILLM - SPILMR * TSPILL
0023 XC-YY(1)/(2.*WW)

C
* %,C

C CENTER OF INSTANTANEOUS SLICK - CENTER OF CONTINUOUS SPILL
"C SLICK IF SLICK IS IN RIVER
C
C

0024 STP - 1. 1
" "0025 G0 TO 9Q9

0026 150 CONTINUF
0027 IF (SPM. OT. 0. 0) GO TO 200
0028 STP , 1.2

C.-
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0029 GO TO 999

0030 200 CONTINUE
0031 TEMPI a UTBAR * TSPILL

. 0032 TEMP2 - 3.0 * SGRT(YY(1l))
0033 XC-(2. /3. )*(XLE-XO)
0034 YC-(2. /3. )*(YLE-YO)

C
. CC CEK:TER OF INSTANTANEOUS SLICK - CENTROID OF TRIANGULAR

C CONTINUOUS SPILL SLICK IN OPEN WATER.
C
C

--005 IF (TEMPI. LE. TEMP2) GO TO 250
006 SPILLM - SPILMR * TSPILL
"0037 STP - 1.2

.0038 00 TO 999
-. j, C

"0039 250 CONTINUE
C
C
C NEED TO LET SPILL SPREAD LIKE AN INSTANTANEOUS SPILL IN A
C RIV",l UNTIL IT SPREADS ENOUGH SO THAT 3*SGRT(THICK SLICK AREA)
C IS GREATER THAN LENGTH OF SLICK.
C
C

"0040 SPILLM - SPILMR * TSPILL
0041 STP , 1. 1
0042 275 CALL TRANSP
0043 CALL INTE(XEND)

•0044 CALL MOVE
• ."0045 IJ -, TIME

004.6 IK - TPT
"0047 MD-M0D(IJ, IK)
0048 DIC-ASS(TIME-FLOAT(IJ))

0049 IF(DIC.GT.DELT) QOTO 300
0050 IF (MD. NE.0) 00 TO 300
0051 CALL PR INTO

10 0052 300 TEMPI - UTB9AR * TSPILL
0053 T"EMP2 - 3.0 * SGRT(YY(l))
004* IF(TIME.GT.TSTOP) QOTO Q99
"00",5 IF (TEMPI.LE.TEMP2) GO TO 275
0056 STP - 1.2
0057 IF (TIME. T. TSTOP) GO TO 999
"0058 IF (YY(3).LT.HMIN) GO TO 999

C
"0059 999 CONTINUE
0060 RETURN
0061 END

C.-V.,
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cCCCCCCCCCCCCCcCCccCCCcccccccccccccccccccccccccCCcCCcCccCCCcccccCc~cCcccc
C SUBROUTINE TRANSP
C COMPUTING THE SURFACE TRANSPORT VELOCITY
CcCCCCCCCccccccccccc~cCCCCCCcCccc~cCcccc~cCccccccCCCcccc~cc~cCCcCcccc~cc
C
C THIS SUBROUTINE IS CALLED DY 'SPREAD" AND INITIAL CONDITION

CSUBROUTINES "IT2"AD"NTA. IT COMPUTES THE SURFACE
C TRANSPORT VELOCITY OF THE SLICK AND THE RELATIVE WIND OVER
C THE SLICK AT THE DESIRED-TIME.
C
C .. UTX, UTY - COMPONENTS OF TRANSPORT VELOCITY, M/SEC
C .. UTOT - TOTAL TRANSPORT VELOCITY, M/SEC
C **UREL - RELATIVE WIND, M/SEC
C

0001 SUBROUTINE TRANSP
0002 COMMON/MOVE/UPEAK ( 10), XLE. XTE, YLE, YTE, DELT, T IME, TSTOP, TCHECK.
0003 COMMON/ CONTOUR/ SHAPE, X(10)' % C10), XC, YC. IC, 1W. ISP. XO. YO
0004 COMMON/TRANSI T/UX (1IOs 10), UY (10t 10) oVWX (10).

1 VWY (10) ,THETA( 10). T I(10).,: ID. I T, I V,
*2 XU(10), YU(10)4 TT(1O)

0005 COMMON/CONSTAT/UC, VW, UTBAR. UO. U1. UT, ALPH. THETA l
p 0006 COMMON/CURRENT/UBAR (10). DIIOVE, UTOT, UTX. UTY. UREL

0007 COMMON/ STYPE/ SP ILLJI. SPILMR, TSPILL. US, STP, SPM
C
C

000. J - SHAPE
0009 ISTP - STP
0010 LT-O050011 LL -
0012 ICI - IC + I
0013 IF (J.EO.I) GO) TO 100

C
CC ---- IN OPEN WATER

4C

0014 GO TO (9,9,10,20.30) ICI
C CONSTANT CURRENT OR NO CURRENT

0015 9 UlUl - UX(1. 1)
0016 UU2 - UY(l,l)
0017 GO TO 55

C CURRENT IS FUNCTON OF LOCATION ONLY
0018 10 LT -1
0019 GO TO 30

C CURRENT IS FUNCTION OF TIME ONLY
0020 20 LL- I
0021 GO TO 40

C
0022 30 CONTINUE

C

C STATEMENTS FROM HERE TO 38 DETERMINE BOX OR SLICE IN WHICH
C LEADING EDGE OF A CONTINUOUS SPILL SLICK LIES OR IN WHICH
C THE CENTER OF AN INSTANTANEOUS SPILL SLICKNT LIES.
C LL BOX OR SLICE NO. (AT END OF STATEMENTS).

• * C * 4 4 * * 4 4 * * 4 * 4 4 * * 4 * * * 4 * * * * 4 4 4 * * * *

C

pr I
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0023 ID-3
0024 IF(J.GE.3) ID-9
0025 DO 35 LL-, ID
0026 IF(ISTP.EQ. 2.OR. ISTP.EQ. 4) THEN
0027 XL - XLE
0028 YL - YLE

S0029 ELSE
0030 XL - XC
0031 YL - YC
0032 ENDIF
0033 IF(XL. GE. XU(LL).AND. XL.LE. XU(LL+I)) LLI-LL
0034 IF(J. GE. 3) GOTO 35

* 0035 IF(YL. GE. YU(LL).AND. YL.LT. YU(LL+I)) LL2=LL
0036 35 CONTINUE
0037 IF(J. GE. 3) LL-LL1

S.0038 IF(J. GE. 3) GOTO 38
" 0039 IF(LL2. E. 1) LL-LL1

0040 IF(LL2.EQ 2) LL-LLI+3
0041 IF(LL2. EQ. 3) LL-LLI+6
0042 38 CONTINUE
0043 39 IF (LT.EQ.1) G0 TO 50
0044 40 DO 45 LT-1, 10
0045 IF (TIME. GT. TI(LT)) gO TO 45
0046 GO TO 49
0047 45 CONTINUE
0048 49 CONTINUE

") C
a C

C IF CURRENT IS ALSO A FUNCTION OF TIME, INTEPPOLATE IN THE BOX
C OR SLICE TO FIND VALUE AT DESIRED TIME.
C
C

0049 UU1 - UX(LL.LT-1)+(UX(LL,LT)-UX(LLLT-1))*
I (TIME-TI(LT-1))/(TI(LT)-TI(LT-1))

0050 UU2 - UY(LL,LT-1)+(UY(LLLT)-UY(LLLT-1))*
1 (TIME-TI(LT-I))/(TI(LT)-TI(LT-1))

0051 G0 TO 55
0052 50 CONTINUE

C
C *0 UU1,UU2 - CURRENTS IN BOX OR SLICE AT DESIRED TIME **
C

0053 UU1 - UX(LLLT)
0054 UU2 - UY(LLLT)
0055 55 IF (IW.GT.1) GO TO 70
C056 60 W1 - VWX(1)

0057 W2 m VWY(1)
0058 GO TO 90
0059 70 DO 75 1-1,10
0060 IF (TIME. GT. TT(I)) GO TO 75
0061 GO TO 79

0062 75 CONTINUE
C
C *4 IF WIND = f(TIME), INTERPOLATE TO FIND WIND AT DESIRED TIME
C

0063 79 W1 - VWX(I-1)+(VWX(1)-VWXCI-1))*(TIME-TT(I-1))/
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I (TT(I)-TT(I-1))
0064 W2 - VWV(I-1).(VWY(I)-VWV(I-1))*(TIME-TT(I-1))/

1 (TT(I)-TT(I-1))
0065 90 CCNTINUE

C
C - - - - - - - - - -

0066 UTX - UU1 + 0.07J5*Wi
0067 UTY - UU2 + 0. 035*W2
0068 UREL - SQRT((UTX-Wl)**2. + (UTY-W.2)**2.)
0069 UTOT - SORT (UTX*02+UTY**2)

0070 GO TO 999

C IN RIERO CHJANNEL

0071 100 CONTINUE
0072 IF (IC. LE,.1) 00 TO 120

0073 UC - UO + U1*SIN(6. 28318/WT*(TItWE+ALPH))
0074 120 IF (1W. LE. 1) THEN
0075 VWXX-VW*COS(THETA1)
0076 GOTO 140
0077 ELSE
0078 END IF
0079 D0 130 I-1, 10

Ih 0080 IF (TIIIE.LT.TT(I)) GO TO 135
0081 130 CONTINUE

C
C *~IF WIND - F(TIME), INTERPOLATE TO FIND WIND AT DESIRED TIP
C

A0082 135 VWXX - VWX(1-1).(VWX(I)-VWX(I-1))*(TIME-TT(I-1))/
1 (TT(I)-TT(I-1))

0083 VWYY - VWV(I-1).(VWY(I)-VWY(I-1))*(TIME-TT(I-1))/
I (TT(I)-TT(I-1))

C
**C - ---- -------------

0084 140 UTX -UC + 0.035*VWXX
0085 UREL -SGIRT( (UTX-VWXX)**2. +(VWYY)**2.)
0086 UTOT -UTX

C-- ------------------------------------
*.0087 999 RETURN

0088 END
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cCCcCcCcccccccccccccCCCcccCccccccccccccCcccccCccccCCC~CC~cCcCCCc~ccc~cc
C SUBROUTINE UERTST

C PRINTS A MESSAGE TO INDICATE AN ERROR CONDITION IN
C THE RUNCE-KUTTA ROUTINE "RUNKUT".

4. CCcCCCccccc~cCccCCcCccCccCcccCccccccccccccccc~ccccc~cCCcccCCcccCccc~c~cc
C
C THIS SUBROUTINE IS PART OF THE RUNCE-KUTTA INTEGRATION
C ROUTINE "RUNK'UT".
C

0001 SUBROUTINE UERTST(IER, NAME)
'C
C SPECIFICATIONS FOR ARGUMIENTS
C

0002 INTEGER IER
0003 DOUBLE PRECISION NAME

V0004 DOUBLE PRECISION NAMSET.NAMEQ
0005 DATA NAMSET/6HUERSET/
0006 DATA NAMEG/6H /
0007 DATA LEVEL/4/, IEQDIF/0/. IEO/lH-/
0008 IF(IER. OT. 999) COTO 25
0009 IF(IER.LT.-32) COTO 55
0010 IF(IER.LE.128) COTO 5
0011 IF(LEVEL.LT. 1) COTO 30
0012 CALL UCETIO(1.NINIOUNIT)
0013 IF(IEGDF.EQ. 1) WRITE(IOUN.-T,35) IERNAMEQ4 IEQG NAME
0014 IF(IEGDF.EG.O) WRITE(IOUNIT.35) IER,NAME
0015 COTO 30
0016 5 IF (IER.LE.64) GOTO 10
0017 IF(LEVEL. LT. 2) GOTO 30

C
C PRINT WARNING MESSAGE WITH FIX
C

0018 CALL UGETIO(1.NINIOUNIT)
0019 IF( IEQDF. EG.1) URITE( IOUNIT, 40) IER, NAMEG. IEG, NAME

*0020 IF(IEGDF.Ea.0) WRITEr(IOUNIT,40) IERNAME
0021 COTO 30
0022 10 IF(IER. LE. 32) GOTO 15

C
C PRINT WARNING MESSAGE
C

0023 IF(LEVEL. LT. 3) COTO 30
0024 CALL UGETIO(1,NINIDUNIT)
0025 IF( IEOD. EQ. 1) WRITEC IOUNIT, 45) IER N.AMEQ, IEQ. NAME
0026 IF(IEGDF.EQ. 0) WRITE(IOUNIT,45) IER,NAME
0027 COTO 30

*0026 15 CONTINUE
C
cc CHECK FOR UERSET CALL
C

0029 TF (NAME. NE. NAMSET) GOTO 25
0030 LEVOLD-LEVEL
0031 LEVdEL=IER
0032 IER-LEVOLD
0033 IF(LEVEL. LT. 0) LEVEL-4
0034 IF(LEVEL. OT. 4 LEVEL-4
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0035 GOTO 30
0036 25 CONTINUE
0037 IF(LEVEL. LT. 4) GOTO 30

C
C PRINT MESSAGE FOR UNDEFINED•.," C

0038 CALL UCETrIO(1, NIN, IOUNIT)
0039 IF( IEQDF.EG.) WRITE(IOUNIT, 50) IER.NAMEQIEQNAME

0040 IF(IEQDF.EG.O) WRITE(IOUNIT,50) IER,NAME
0041 30 IEGDF-0
0042 RETURN
0043 35 FORMAT(19H *** TERMINAL ERROR, IOXo7H(IER - .13,

$ 15H) FROM ROUTINE , 1A6, Al, IA6)
0044 40 FORMAT(36H *** WARNING WITH FIX ERROR (IER - 1 13,

1 15H) FROM ROUTINE , A6,A1,1A6)
0045 45 FORMAT(18H *** WARNING ERROR. llX, 7H(IER - ,13,

$ 15H) FROM ROUTINE ,lA6oAl1,A6)
0046 50 FORMAT(20H *** UNDEFINED ERROR.9X,7H(IER - ,15,

* 15H) FROM ROUTINE ,lA6,A,IA6)
0047 55 IEQDF-I
0048 60 NAMEQ-NAME
0049 65 RETURN
0050 END
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CCCCccCCcccccccccccccccCcccCcccccccccccccccccccccCccCCccccccCCCCCc~cCCc~cc
C SUBROUTINE UGETID CIC RETRIEVES CURRENT VALUS AND SETS NEW VALJES FOR INPUT C
C AND OUTPUT UNIT IDENTIFIERS. C

* CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C THIS SUBRCUTINE IS PART OF THE RUNGE-KUTTA NUMERICAL INTEGRATION
C ROUTINE 'RUNKUT".

0001 SUBROUTINE UGQ:T!0(IOPT,NIN,NOUT)
0002 INTEGER !OF-i,NINN0UT
0003 INTZT;R NIND Nou rD

*0004 DATA N7ND/1/,NO'JTD/2/
0005 IF(IDPT.EQ.3) GOTO 10
0OOO- IF(IOPT. EQ. 2) GOTO 5

I -. 0007 IF(IOPT. EQ.1) GOTO 9005
10008 NIN-NIND
*0009 NOUT-NOUTD
*0010 GOTO 9005

0011 5 NIND-NIN
*0012 GOTO 9005

0013 10 NOUTD-NOUT
0014 9005 RETURN

0015 END
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ccccccCcccccccccccccccccccccccccccccccccccc~cccccccccccccccccccccccccc'c
C SUBROUTINE UITPESAAI
C THIS SUBROUTINE IS DESIGNED TO DETERMINE THE MAXIMUM
C TRANSPORT VELOCITY (WhEN IT IS A FUNCTION OF TIM'E)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtcccccccccccccccc
CI
C THIS SUBROUTINE IS CALLED BY "SPREAD". IT CALCVLATES THE
C VELOCITY USED IN THE SPREADING H~ODELS, UC + 0.035 * VW (COMPONEN
C AND FINDS THE MAXIMUM OF IT FOR LATER USE.
C 4* VARIABLE NAME: **

C UTPEAA(I) - MAXIMUM VALUE OVER TIME OF UC + 0.035 *VW (COMPONENI
C IN EACH OF THE 9 SLICES OR BOXES.
C FOR A RIVER, I - 1.
C

0001 SUBROUTINE UTPEAA
0002 COMMON/STVPE/SPILLM, spILmR.TSPILL. US.STP. SPM
0003 COMMON/CONTOUR/SHAPE. X(10). Y(10). XC. YC.IC, 1W.ISP. XC.VO
0004 COMMON/CONSTAT/UC. VW, UTBAR. UO.UI. WT.ALPH. THETAl;
0005 COMMON/TRANSIT/UXC1O. 10).UY(10. 1O),VWX(10).

1 VWV(I0),THETA(I0),Tl(lo),ID. IT. IV,
2 XU(10).YU(I0).TT(1O)

0008 COMMON/MOVE/UPEAM( 10).XLE. XTE. YLE. VTE. DELT. TIMEý TSTOP. TCHECA
0007 COMMON/SPREAD/TI I.ATK. HTK, ATH. HTN, HMIN. INDEX. IFLAG
0008 I - STP
0009 .J-SHAPE
0010 IF (.J.NE.1) GO TO 100

C
C ---------------------------------- -------

C IN RIVER OR CHANNEL
C---------------------------- --------------- - ---------

C
0011 UPEAK(l)-0.0
0012 IF (IC. EQ. 2. AND. IW. LE. 1) 00 TO 20
0013 00 TO 30

C
C ****4*4*******444*4****

C CALCULATE UPEAA(l) -PEAK VALU E OF UC ~-0.035 *!VW
C FOR A TID^L RIVER
C 44****4*44****4*4*4***

C
00lA 20 UPEAK(1)-(UO+U1)+0. 035.VW*COScTHETA1)
0015 00 TO 999

C
0016 30 CONTINUE
0017 DO0 50 I-1, 10
0018 IF (IC.EQ.l) GO TO 45

C
C *.............*......*.
C CALCULATE AVERAGE VALUE OF VALUE OF TIDAL CURRENT FROM
C T - 0 TO T - TT(1) AND ADD WIND COMPONENT TO COMPUTE
C DUMMY VARIABLE UTOTAL. THEN SET UPEAK(l) EQUAL!TO MAXIMUM
C UTOTAL.
C
C

0019 UC=UO+U1*WT/(2. 0*3. 14159)*(-COS(6.28318/WT*(TT(I)+ALPH))+

C -76



. °~

"1 COS(6. 28318*ALPH/WT))
"" 0020 45 UTOTAL-UC+0.035*VWX(I)*THETA(I)

0021 IF(UTOTAL. OT. UPEAK(1)) UPEAK(1)-UTOTAL
" 0022 50 CONTINUE

0023 g0 TO 999
C

C IN OPEN WATER
C------------------------ --------------------------------
C

-. p 0024 t00 CONTINUE
0025 DO 105 11,
0026 UPEAK(I) - 0.0
0027 105 CONTINUE
002e DO 200 1-1.9
0029 DO 160 J"I,10
"0030 IF (IW. EQ. 2) GO TO 120
"0031 WI - VWX(1)
0032 W2 - VWY(1)
0033 gO TO 140
0034 120 DO 125 K-I, 10
0035 IF (TI(J).EO.TT(K)) O0 TO 135
0036 IF (TI(J).LE TT(K)) GO TO 130
0037 125 CONTINUE

"C
C

' C INTERPOLATE TO FIND WIND SPEED AT TIME TI(I) CORRESPONDINg 7
C CURRENT INPUT (TT(I) MAY NOT BE SAME AS TI(I)
C
C

0035 130 W1 - VWX(K-1).(VWX(K)-VWX(K-1))*(TI(J)-TT(K-1))/
I (TT(K)-TT(K-1))

" 0039 W2 - VWY(K-1)+(VWY(K)-VWY(K-1)).(TI(J)-TT(K-1))/
I (TT(K)-TT(K-l))

0040 GO TO 140
0041 135 WI - VWX(A)
0042 W2 - VWY(K)
0043 140 UU1 a UX(I,J)+0.035.WI
0044 UU2 - UY(IJ)*O.O35*W2
0045 UTOT a SORT(UUI*42+UU2*02)

C

c CALCULATE MAXIMUM VALUE OF UPEAK FOR EACH OF THE NINE BOXES

SC OR SLICES FOR THE WHOLE TIME DURATION
C
C

0046 IF (UTOT. GT UPEAK(I)) UPEAK(I)-UTOT
0047 180 CONTINUE
0048 200 CONTINUE
"0049 999 RETURN

MCI 0050 END
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C~ccCCc~CcccccccccccccccccccccCcccCCCCcCCCCcCcCCCcCCCCCCcCCCCCCcCCCCCcCCI
0001 SUBROUTIN'E WATER (TA, RHO, VVIU)

C
CccCcccCccccccccccCc~cCCcccccccCcccccccccccc~cCccCccccccCCcc~cCCCccccccI
C THIS SUBROUTINE IS USED TO CALCULATE WATER PROPERTIES.
C IT IS CALLED BY PROGRAM "DMODEL".
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCI*C
C REF: ROBERT L. LOWELL ~JR. AND ELI RES4OTAO, "NUM¶ERICAL
C STUDY OF THE STABILITY OF A HEATED WATER BOUNDARY
C LAYER", CASE WESTERN RESERVE UNIVERSITY,
C FTAS TA 73-93 (1974)
C
C T - ABSOLUTE WATER TEMPERATURE (DEC K)i SAME AS AIR
C CP uSPECIFIC HEAT OF WATER, .JOULE/GR-DEQ
C RHO - DENSITY OF WATER, KG/CU.M
C VPIU - KINEMATIC VISCOSITY OF WATER, SO. N/SEC
C
C CALCULATE SPECIFIC HEAT OF WATER
C

0002 T T4 +273.15
0003 CP -2. 13974-9 6,8137E-3*T+2. 6853imE-5*T*-*2-2. 42139E-e.T**3

*0004 CP -CP * 4 1858
C
C CAL.CULATE DENSITY OF WATER
C

4,. 0005 RHO -1.-i (TA-3. 9863)*..2.(TA.288. 9414) )/(506929 2.(TA.66 12963
0006 IF (TA EQ. 0 )GOTO 5N0007 RHO is RHO 4 0. 011445 * EXP (-374. 3/TA)
0008 a CONTINUE
0009 RHO - RHO 0 0.999973

C
C CONVERT FROM UNIT OF GM/CU. CM TO KG /CU. M.
C

0010 RHO - RHO * 1000.0p C
C CALCULATE VISCOSITY OF WATER
C

0011 TD)- TA -20.
0012 IF (TA LT. 20.) GO TO 10
0013 RLOGMU - -(1.37023.TD.S. 36E-44TD*42)/( 109. .TA)
0014 VMU - 0.01002 *(10. -~ RLOGNU)
0015 0O TO 20
0016 10 RLOOMU - 1301. /(998. 333 + 9. 1855.TD*0. 05e5*TD*42)-3. 30233
0017 VNU - 10. 44 RLDGMU
0019 20 CONTINUE

C
C CALCULATE KINEMATIC VISCOSITY

0019 VNU - (VtIU'/ 10.0) /RHO
0020 RETURN
0021 END
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(
C SUBROUTINE WBS
C WATER BODY DESCRIPTION
C (GEOMETRY & CURRENT)
"CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(
..C THIS SUBROUTINE IS CALLED BY PROGRAM "DMODEL". IT ASKS FOR

"C THE INPUT NEEDED TO DESCRIBE THE WATER BODY AND ITS CURRENTS
C IT SFTS UP THE FOLLOWING CODE THAT IS USED IN OTHER SUBROUTINE!
C
"C ** 1.0 <- SHAPE < 2.0 -RIVER 4*

C SHAPE - 1.0 IC - 0 NO CURRENT
C SHAPE - 1. 1 IC - 1 CONSTANT CURRENT
C SHAPE - 1.2 IC - 2 TIDAL RIVER
C * 2.0 < SHAPE < 3.0 -LAKE.

"- C SHAPE - 2. 1 : CIRCULAR LAKE
C SHAPE - 2.2: RECTANGULAR LAKE
C SHAPE - 2. 3 : ARBITRARY LAKE
"C .. 3.0 < SHAPE -COAST
C SHAPE - 3. 1 : STRAIGHT COAST
C SHAPE - 3 2 ARBITRARY COAST
C FOR LAMES AND COASTS, THE CURRENT CODE IS:
C IC 0: NO CURRENT
C IC - 1 : CONSTANT CURRENT
CC IC - 2 : CURRENT - F(SPACE)
C IC w 3 : CURRENT - F(TIME)
C IC - 4 : CURRENT - F(SPACE AND TIME)
C

I.. 0001 SUBROUTINE WBS
0002 COMMON/CONTOUR/SHAPE. X(10),Y(10). XC. YC, IC, IW, ISPoXO° YO
0003 COMMON/SIZE/R, 0, WW, LI L2, H.RO
0004 COMMON/STYPE/SPILLM, SPILMR.TSPILL, WSoSTP, SPM
"0005 COMMON/CONSTAT/UCo VW. UTBAR, UO. UI. WT, ALPHo THETAI
0006 COMMON/TRANSIT/UX(1O,10),UY(1O,1O),VWX(IO),

I VWY(10),THETAU1O),TI(10).IDITIV,
i 2 XU(10),YU(0),TT(IO)

C -- IN THE CURRENT PROGRAM, THE UNIT NUMBER FOR THE
C INPUT AND OUTPUT DEVICES ARE:
C
C I a WRITE ON DISK FILE
C 5,6 - READ OR WRITE FROM CONSOLE
"C

0007 WRITE(I,3)
0008 WRITE(6,3)
0009 3 FORMAT (IHO//5X, 0

"I 5X, H*,3X,22HWATER BODY DESCRIPTION, 3X, H*/
2 SX,3OH44.4........44.4..4e..e..4)

0010 10 WRITE (6,11)
0011 11 FORMAT (/IX,35HIS SPILL :N RTIER OR CHANNEL? Y/N
0012 READ (5° 12,ERR-10) ICH
0013 12 FORMAT (Al)
0014 IF (ICH EQ 'N') GO TO 100

C
C----------------------------------------------------------- -------
C SPILL IS IN RIVER OR CHANNEL
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C-
C FOR A RIVER OR CHANNEL:
C WWI - WIDTH, M
C D -DE?TH, M
C RO - BOTTOM ROUGHNESS, M
C UC - CURRENT, M/SEC
C *IF THE CURRENT IS TIDAL,UC UC - UO + Ul *SIN(2. * PI (T +ALPHA)/WT)
C WHERE T -TIME, SEC
C WT -PERIOD, SEC
C

0015 20 CONTINUE
0016 WRITE (1,22)
0017 22 FORMAT (//5X,29Hl. THE SPILL. IS IN A CHANNEL.)
0018 24 WRITE (6,25)
0019 25 FORMAT(/1X,51HOIVE THE WIDTH AND DEPTH OF THE CHANNEL (IN METI

0020 READ (5,*.ERR-24) WW.D
0021 WRITE (1,26) WW,D
0022 26 FORMAT (//5X,30H2. THE GEOMETRY OF THE CHANNEL/. OX,

I 12HW - WIDTH - .E12.5.6HMIETERS/,SX,
2 12HD - DEPTH a .E12.5.6HMETERS)

0023 27. WRITE (6. 127)
0024 127 FORMAT (/IX, 50HINPUT THE BOTTOM ROUGHNESS (METERS) OF THE CHANIO

*I lX. SIHINPUT ZERO, 0 IF YOU WANT TO USE THE DEFAULT VALUE.)
0025 READ (5,*.ERR-27) RO
0026 IF (RO. EQ. 0 )RO-0. 0584*0
0027 28 WRITE (6.29)
0029 29 FORMAT (/1X.36mrS THERE CURRENT IN THE CHANNEL? YIN)

*0029 READ (5,12,ERA-28) ICH
0030 IF (ICH. EQ.'Y') ZC) TO 40

C
C -NO CURRENT---

0031 IC -0
0032 SHAPE -1.0
0033 UC-0,

C
0034 H-0.
0035 30 WRITE (1,32)
0036 32 FORMAT (//5X,30H3. THE CHANNEL HAS NO CURRENT.)
0037 00 TO 800
0038 40 CONTINUE
0039 41 WRITE (6.42)
0040 42 FORMAT (/!X,24H1S IT TIDAL CURRENT? V/N.)
0041 READ (5,12,ERR-41) ICH
0042 IF (ICH. E0. 'Y') CO TO 50

C --- NON-TIDAL CURRENT --

C
0043 SHAPE - 1. 1
0044 IC-aI
0045 44 WRITE (6.45)
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0046 45 FORMAT (/1X.31HCURRENT SPEED MUST BE CONSTANT./
1 IX, 29HINPUT CURRENT SPEED METER/SEC)

0047 READ (5,. .ERR-44) UC
0046 WRITE (1,4e) UC
0049 48 FORMAT (//5X.27H3. IT IS NOT A TIDAL RIVER. /ex,

1 42HTHE CURRENT SPEED IS CONSTANT AND EQUAL TO F1O. 3.
2 2X. 1OHMETER/SEC.)w 0050 C00 TO 600

C --- TIDAL RIVER
C

*0051 50 CONTINUE
0052 52 WRITE (6,54)
0053 54 FORMAT (/lX.39HrHE TIDAL VELOCITY CAN BE WRITTEN AS /

1 8X,44HUC - UO + Ul * SIN.(2*3. 1416/WT*(TIME+ALPH))/
* 2 1X. SOHINPUT UO (M/SEC), Ul (M/SEC), WT (MIN), ALPH (MIth

0054 READ (5...ERR-52) UO,U1.UT.ALPH
0055 55 WRITE (1.56) UO.U1.WT.ALPH
0056 56 FORMAT (//5X. 23H3. IT IS A TIDAL RIVER. /

1 8X.23HTHE CURRENT VELOCITY IS/
2 16X,44HUC - U0 + Ul * SIN (2*3. 1416/WT*(TIME+ALPH))/
3 SX.11HWHERE UO - .F12.2,2X,9HMETER/SEC/
4 14X,5HUI - .F12.2,2X,9HMIETERYSEC/
5 14X, SHUT - , F1i2.2,2X, 3HMIN/
6 14X. 5HALPH-,F12. 2. 2X.3HMIN)

0057 UT-UT. 60.

%- ..

0058 ALPH-ALPH * 60,
0059 IC - 2
0080 SHAPE - 1.2N 0061 00 TO 600

C
C --------------------------------------------------------------
C SPILL IS IN OPEN WATER
C ---------------------------

C
0062 100 CONTINUE
0063 101 IC-0
0064 102 WRITE (6,104)
0065 104 FORMAT (/1X,37HIS IT A LATEL? Y/N)
"0066 READ (5, 12,ERR-102) ICH
0067 IF (ICH./E/.,'N') GO TO 200

C
"C "--SPILL IN LAKE

C FOR A LAKE:
C - DEPTH, M
C R - RADIUS OF CIRCULAR LAKE, M
C L3 L2 - LENHWRE AND WIDTH OF RECTANGULAR LAKE, M

""* 007W1W 0

C X(I).Y(I) - COORDINATES OF BOUNDARY OF IRREGULAR LAKE. M
C

* , 0068 110 WRITE (8,112)
0069 112 FORMAT (/1X,26HIS IT A CIRCULAR LAKE? YIN)
0070 READ (5. 12,ERR-100) ICH
0071 IF (ICH.E.O'N') GO TO 140
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C -- CIRCULAR LAKE -
C

0072 SHAPE - 2.1
0073 120 WRITE (6,122)
0074 122 FORMAT (1X,46HOIVE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE,

"I /i1X,14H(UNIT : METER))
0075 READ (5.,.ERR-120) RD
0076 WRITE (1,124) R,D
0077 124 FORMAT (//5X,35H1. THE SPILL IS IN A CIRCULAR LAKE./

1 //SX, 29H2. THE GEOMETRY OF THE LAKE: /
."2 SX,12HR - RADIUS -, E12.5,2X, 6HMETERS/

3 SX,11HD - DEPTH -,El2.5o2X,6HMETERS)
C
C
C. TRANSFER TO STATEMENTS DESCRIBING CURRENT
"C
C

"0078 GO TO 500
C

0079 140 WRITE (6, 142)
0080 142 FORMAT (/1X,29HIS IT A RECTANGULAR LAKE? Y/N)
0081 READ (5, 12,ERR-140) ICH
0082 IF (ICH. EQ. 'N') GO TO 160

C
C --- RECTANGULAR LAKE -----
C

"0083 SHAPE - 2. 2
"o0084 150 WRITE (6,152)
0085 152 FORMAT (/tX,45HGIVE THE LENGTH (LI), WIDTH (L2) AND DEPTH OF,

I 19H THE LAKE. (METERS)/2X,
2 55HTHE POINT X-O, Y-0 IS THE LOWER LEFT CORNER OF THE LAKE.

0086 READ (5,*.ERR-150) L1,L2,D
0087 WRITE (1,154)

s08S 154 FORMAT (//5X,38H1. THE SPILL IS IN A RECTANGULAR LAKE. /
1 //5X, 30H2. THE DIMENSION OF THE LAKE :/
2 SX,13HL1 - LENGTH - ,E2. 5, 2X,6HMETERS/
3 SX,13HL2 - WIDTH - , E12. 5, 2X, 6HMETERS/
4 SX,13HD - DEPTH - , E12. 5, 2X, 6HMETERS)

c

C TRANSFER TO STATEMENTS DESCRIBING CURRENT
C

-- , 0089 GO TO 500
C
"C LAKE W/ ARBITRARY SHAPE
C

0090 160 CONTINUE
0091 161 WRITE (6, 162)

r 0092 162 FORMAT(/1X,45HTHE SPILL IS IN A LAKE WITH ARBITRARY SHAPE.
Six,198HDESCRIBE THE SHAPE WITH 10 PAIRS OF X, Y COORDINa

$ (METERS). (0,0) SHOULD BE NEAR THE SPILL SITE.
0093 SHAPE - 2. 3
0094 WRITE (1,164)
0095 164 FORMAT (//5X,46H1. THE SPILL IS IN AN IRREGULARLY SHAPED LAKE
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1 5X,47H2. THE FOLLOWING POINTS SPECIFY THE BOUNDARY OF,
2 1OH THE LAKE.)C

C
•,.•c TRANSFER TO STATEMENTS DESCRIBIN!G IRREGULAR SHAPE

C0096 00 TO 300

C SPILL MUST BE IN COASTAL WATER
C
C FOR A COAST:
C D = DEPTH,M
C X(1),Y(1),X(2).Y(2) - TWO COORDINATES DESCRIBING A STRAIGHT
C COAST LINE, M
C X(I)Y(I) = COORDINATES DESCRIBING AN IRREGULAR COAST LINE, I
C

0097 200 CONTINUE
0098 WRITE (6,202)
0099 20 FORMAT (/.X,31HSPILL MUST BE IN COASTAL WATER.)
0100 203 WRITE (6,204)
0101 204 FORMAT (/1X,23HIS COAST STRAIGHT ? Y/N)
0102 READ (5,12,ERR=203) ICH
0103 IF (ICH. EQ 'N') GO TO 220

C STRAIGHT COAST LINE-------
C

* 0104 SHAPE - 3. 1
0105 WRITE (1,210)
0106 210 FORMAT (//5X,42HI. THE SPILL OCCURS IN COASTAL WAIER WITH

2 OHSTRAIGHT COAST LINE.)
*0107 211 WRITE (6,212)

"0108 212 FORMAT (/1X,36HGIVE THE DEPTH OF THE COASTAL WATER.)
0109 READ (5,*.ERR=211) D
0110 214, WRITE (6,215)
0111 215 FORMAT(/IX.62HGIVE 2 (XY) COORDINATES OF THE STRAIGHT COAST L

$E IN METERS.)
0112 READ (5,*,ERR=214) X(1), Y(1), X(2), Y(2)
0113 WRITE (1,21e) D, X(1), Y(1), X(2), Y(2)
0114 218 FORMAT (//5X,36H2. THE DEPTH OF THE COASTAL WATER IS,

,.-, 1 E12. 502X, 6HMETFRS/SX,31HTHE COAST LINE IS GIVEN BY THE

2 19HFOLLOWING 2 POINTS./
3 20X, IHX, 17X,l HY/IOX, lHI,3XE12. 5, SX, E12. 5/
4 l0X, IH2,3X, E12. 5, 5X, E12. 5)

C
C
C TRANSFER TO STATEMENTS DESCRIBING CURRENT
C
C

10115 gO TO 500
C
,°'--C IRREGULAR COAST LINE
C

0116 220 CONTINUE
"0117 SHAPE = 3. 2
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Oils 223 WRITE (1,222)
0119 222 FORMAT (//SX,42H1. THE SPILL OCCURS IN COASTAL WATER WITH

I 20HIRREGULAR COAST LINE//, 5X,
"2 48H2. THE FOLLOWING POINTS SPECIFY THE BOUNDARY OF
3 11HCOAST LINE.)

"0120 WRITE (6,224)
"" 0121 224 FORMAT (/1X,48HTHE SPILL OCCURS IN COASTAL WATER WITH IRREGULA

I 11I COAST LINE/
$ 1X, I07HDESCRIBE THE COAST LINE WITH 10 PAIRS OF (XY)
$ORDINATES (METERS). (0,0) SHOULD BE NEAR THE SPILL ORIGIN.

C
C
C, STATEMENTS 300-324 INPUT IRREGULAR LAKE AND COAST SHAPES
C
C

0122 300 CONTINUE
0123 DO 301 I-1,10
0124 READ(5,*,ERR-223)X(I),Y(I)
0125 301 CONTINUE
0126 WRITE (1,302)
0127 WRITE (6,302)
0128 302 FORMAT (/15X,1HX,15XIHY)
0129 DO 309 I-1,10

-"0130 WRITE (1,306) I,X(1),Y(I)
i'•0131 WRITE (6,306) I,X(I),Y(I)

0132 306 FORMAT (lOX, 12,2X, E12. 5.SX, E12.5)
"0133 309 CONTINUE
0134 310 CONTINUE
0135 320 WRITE (6,321)
0136 321 FORMAT (/IX, 17HINPUT WATER DEPTH)
0137 READ (5,*,ERR-320) D
"0138 WRITE (1,324) D
0139 324 FORMAT (IOX, 18HTHE WATER DEPTH IS, E12. t.2X.6HMETERS)

"C
C
C STATEMENTS 500-600 INPUT CURRENTS
C

"- C
0140 500 CONT:NUE
0141 501 WRITE (6,502)
0142 502 FORMAT (/1X,21HIS THERE CURRENT? Y/N)
0143 READ (5, 12,ERR-501) ICH

* 0144 IF (ICH. EQ. 'Y') GO TO 510
0145 WRITE (1,504)
0146 504 FORMAT (//SX,23H3. THERE IS NO CURRENT.)
0147 GO TO 600

C
* 0148 510 CONTINUE

C
C --- THERE IS CURRENT -----
C

0149 511 WRITE (6,512)
0150 512 FORMAT (/1X,24HIS CURRENT CONSTANT? Y/N)
0151 READ (5, 12,ERR=5i1) ICH
0152 IF (ICH. EQ. 'N'l GO TO 517
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C - CONSTANT CURRENT IN OPEN WATER (STATEMENTS 513-516)
C FOR A CONSTANT CURRENT, UX(1,1) - X-COMPONENT.
C UY(1,1) = Y-COMPONENT, M/SEC
C

0153 513 WRITE (6,514)
0154 IC-I
0155 514 FORMAT (/1X,4OHINPUT CONSTANT CURRENT SPEED UCX AND UCY,

1 /IX,18H(UNIT : METER/SEC))
0156 READ (5,*,ERR-513) UX(1,1),UY(1,1)
0157 WRITE (1,516) UX(1,1),UY(1,1)
0158 516 FORMAT (//5X,41H3. THE CURRENT IS CONSTANT WITH MAGNITUDE,/

I 8X,5 HUCX -,F12. 2,2X, ?HMETER/SEC, /
"2 8X, 5HUCY -, F12. 2, 2X, 9HMETER/SEC)

"0159 GO TO 600
"0160 517 WRITE (6,518)
0161 518 FORMAT(/1X,35HIS CURRENT A FUNCTION OF TIME ? Y/N)
0162 READ (5,12,ERR=517) ICH
0163 IF(ICH.EQ. 'Y') GO TO 520

C -- CURRENT IS A FUNCTION OF LOCATION ONLY ---
C (TRANSFERS TO 532 FOR INPUT AFTER PRINTING OUT LEGEND)
C

0164 IC-2
0165 WRITE(1,519)
0166 519 FORMAT(//5X,4OH3. THE CURRENT IS NOT A FUNCTION OF TIME/

1 8X,44HHOWEVER IT DOES CHANGE WITH SURFACE POSITION)
0167 GO TO 532
0168 520 WRITEý6,1001)
0169 1001 FORMAT(/1X,40HIS CURRENT A FUNCTION OF TIME ONLY ? Y/N)

, 0170 READ(5,12,ERR=520) ICH
0171 IF (IC-H.EG. 'Y') GO TO 1020

C

C gO TO 1020 WHEN CURRENT - F(TIME AND SPACE)
C
C

"0172 IC-4
0173 WRITE(l, 1005)
0174 1005 FORMAT(//5X,41H3. THE CURRENT IS A FUNCTION OF BOTH TIME,

1 /SX, 13H AND LOCATION)
0175 GO TO 532
0176 1020 IC-3
0177 WRITE(l, 1025)
0178 1025 FORMAT(//SX.39HTHE CURRENT IS A FUNCTION OF TIME ONLY.)

C
- C ---- CURRENT SPEED VARIED WITH TIME AND/OR LOCATION

C
C
C WHEN CURRENT - F(TIME) ONLY, THE CURRENTS ARE:
C UX(II) - X-COMPONENT AT TIME T(I), M/SEC
C UY(1,I) = Y-COMPONENT AT TIME T(I), M/SEC
C TI(I) - SPECIFIED TIMES (10), SEC
C
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3 0179 521 WRITE(6.522)
0180 522 FORMAT(//5X,41HGIVE TIME AND XY CURRENT AT 10 INSTANTS. /,5X,

" 50HTHX MAXIMUM TIME MUST BE AT LEAST AS GREAT AS LAST/5X
N.i $ 25HPRINT-OUT TIME REOUESTED.,26HTIME SHOULD BE IN MINUTE!

0181 DO 525 1-1,10
0182 READ(5,*,ERR-520) TI(I),UX(1,I),UY(1,I)
0183 00 524 J-2,10
0184 UX(J,I)-UX(1,I)
0185 UY(J, I)-UY(1,I)
0186 524 CONTINUE
0187 525 CONTINUE
0188 WRITE(1,526)
0189 526 FORMAT(/, 10X, 9HTIME(MIN),11X, 9HUX(FI/SEC),6X, 9HUY(M/SEC))
0190 DO 530 I-1,10
0191 WRITE(1,528) TI(I),UX(1,I),UY(II)

•'.•0192 528 FORMAT(10X, E15. 1,5X, F10.5, SXoF10. 5)
" 0193 TI(I)-TI(1)*6O.

'••0194 530 CONTINUE

C SAEET0195 GOTO 600

.. C STATEMENTS 532-60gV INPUT WHEN CURRENT =F(SPACE). IF

"C CURRENT IS ALSO A FUNCTION OF TIME, A DO-LOOP IS SET UP TO
C GIVE INPUT AT 10 TIME INSTANTS.
C

0196 532 WRITE(6,533)
0197 533 FORMAT(//SX,5OHIF A LAKE, THE XY CURRENT MUST BE GIVEN AT CE!

$SR/SX, 50'HOF 9 RECTANGULAR BOXES (3X3 GRID) THAT COVER LAKE. /5X,
$49HIF A COAST, THE XY CURRENT MUST BE GIVEN FOR THE/5X, 71H9 Y-!
$CES THAT EXTEND OUT FROM THE 10 XoY POINTS DESCRIBING THE COAST

0198 IF(SHAPE. GE. 3.0) GOTO 547
0199 534 WRITE(6,535)
0200 535 FORMAT(/SX,46HGIVE THE 4 X-COORDINATES (METERS) THAT SPECIFY/

$ 44HTHE HORIZONTAL GRID. THE FIRST AND LAST MUST/5X,
$ 37HCOINCIDE WITH THE LENGTH OF THE LAKE.

C
V C

C STATEMENTS FROM HERE TO 555 ARE DO-LOOPS TO SPECIFY THE GRID
C FOR THE CURRENTS. XU(I) AND YU(I) ARE THE GRID FOR A LAKE BE'.1 CC YU(4) 0 * 0 * 0 * 0
C *7*8*9*
"C 0 * 0 * 0 * 0

.'"C *4 * 5 * 6

." C 0*0*0*0
C 1- 2*3,
C YU(1) 0 * 0 * 0 * 0
C XU(1) XU(4)
C
C
C FOR A COAST THE GRID IS:
C

"-C * * * *
, C * * * *

'Fl
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C *1 *2 3* AND SO ON

C * * * 0
C * * 0**XU(4)
C * 0** YU(4)
C 0**
C XU(I)

SC YU(I)
C
C

0201 DO 537 1=1,4
0202 READ(5,*,ERR=534) XU(I)

P'0203 537 CONTINUE

0204 WRITE(6,538)
0205 538 FORMAT(/5X,38HNOW GIVE THE 4 Y-COORDINATES (METERS). /SX,

"$ 60HIHE FIRST AND LAST MUST COINCIDE WITH THE WIDTH OF THE LAKE.
0206 DO 540 1-1,4
0207 READ(5,*,ERR=534) YU(I)
0208 540 CONTINUE
"0209 WRITE(1,542)(XU(I),I-1,4)
0210 542 FORMAT(//SX,43HX-COORDINATES OF HORIZONTAL GRID IN METERS://IX,

1 4(E12. 5,2X))
0211 WRITE(1,543)(YU(I),I-1,4)
0212 543 FOPMAT(/SX,41HY-COORDINATES OF VERTICAL GRID IN METERS://1X,

"* 1 5(E12. 5,2X))
"0213 GOTO 551
"0214 547 WRITE(6, 548)
"0215 548 FORMAT(/SX,47HGIVE THE 10 X-COORDINATES (METERS) THAT SPECIFY/

U S,$ 5Xo 51HTHE 9 SLICES. THE FIRST AND LAST MUST COINCIDE WITH/SX,
$ 24HTHE LENGTH OF THE COAST.)

"0216 DO 550 1-1, 10
0217 READ(5,*,ERR=547) XU(I)
0218 550 CONTINUE
0219 WRITE(1,552)(XU(I),I-1,10)

*0220 552 FORMAT(53X,
1 47HX-COORDINATES THAT FORM THE 9 SLICES IN METERS://1X,
"2 5(E12. 5,2X)/1X,5(E12. 5,2X))

0221 551 WRITE(6, 555)
0222 555 FORMAT(/SX,49HINPUT UX AND UY CURRENTS(M/SEC) FOR EACH OF THE I

$ /SX,49HBOXES OR SLICES. BOXES ARE NUMBERED LEFT-TO-RIGHT/
$ 5X,51H1,2,3 IN BOTTOM ROW, 4,5,6 IN MIDDLE ROW, AND 7,8,9/
$ 5X,51HIN TOP ROW. SLICES FOR A COAST ARE NUMBERED 1 TO 9,/
$ 5X,51HLEFT-TO-RIGHT. IF THE CURRENTS ALSO DEPEND ON TIME,/
$ 5X,47HYOU WILL BE ASKED FOR 10 SUCH SETS OF CURRENTS.)

0223 11
"0224 IF(IC.EG.2) GOTO 563
0225 560 WRITE(6,561)I
0226 561 FORMAT(/SX.21HCURRENTS FOR NUMBER ,13,IX,5HTIME. )

C
C

SC THIS IS THE DO-LOOP WHEN CURRENT IS ALSO A FUNCTION OF TIME.
"C TI(1) TIME INSTANTS (10). CURRENTS ARE:
C
C UX(JI) - X-COMPONENT, M/SEC
C UY(J, I) - Y-COMPONENT, M/SEC

?I1
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C J- BOX ORSLICE NO.
C I -TIME NO.
C
C

0227 563 D0 564 J-1,9
0228 READ(5,*,ERR-551) UX(JI),UV(.J.I)
0229 564 CONTINUE

0230 IF(IC. EQ. 2) COTO 580

0232 IF(I.Ea. 11) COTO 570
0233 COTO 560
0234 570 WRITEC6,571)
0235 571 FQRMAT(/5X.42HNOW GIVE THE TEN TIME INSTANTS IN MINUTES.)
0236 572 DO 575 I-1, 10
0237 RE-AD(5.*,ERR-570) TI(I)
0238 575 CONTINUE
0239 580 1-1
0240 IF(IC. EQ. 2) COTO 590
0241 582 WRITE(6,5e5) TI(I)
0242 583 WRITE(1,585) TI(I)
0243 585 FORMAT(//20X. SHTIME-.E12. 5 lX. 7HMINUTES)
0244 TI(I)-TI(I)*60.
0245 590 WRITE(6. 593)
0246 591 ,'RITE(1,593)
0247 593 FORMAT(/20X.52HUX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLr

$ES.)
0248 WRITE(6. 594)
0249 WRITE(1. 594)
0250 594 FO)RMAT(I0X. 1H1,7X. 1H2,7X, 1H3.7X. 1H4,7X, IH5.7X. 1H6.7X. 1H7,7X, IH

$ 7X. 1H9)
0251 WRiTE(6. 595) (UX(.J, ).j-i,9)
0252 WRITE(1..595)(UX(JI),J-1,9)
0253 WRITE(6,596)(UY(~J.1).J-1,9)
0254 WRITE(1.596)(UY(.J,I),~J-1,9
0255 595 FORMAT(1X,2HUlX.2X,9(3XF5. 2))
0256 596 FORMAT(lX,2HUV.2X.9(3X,F3. 2))
0257 IF(IC.EQ. 2)GCTO 800
025e 1-1+1
0259 IF(I. Ei.11)COTO 600
0260 COTO 582
0261 600 CONTINUE
0262 602 WRITE (6.605)
0263 605 FORMAT (/1X,31HIS THERE WIND IN THE AREA ? Y/N)
0264 READ (5. 12,ERR-602) ICH
0265 IF (ICH. EQ. 'Y') 00 TO 700
0266 WRITE (1,610)
0267 610 FORMAT(//5X,32H4. THERE IS NO WIND IN THE AREA.)
0268 G0 TO B00
0269 700 CONTINUE

C
C -- CALL SUBROUTINE TO CALCULATE TRANSPORT
C VELOCTIY DUE TO WINO
C

0270 CALL WIND
0271 0O TO 999
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CCCCcccccCCc~c~c~c~cCccccCccCccCcccccccCcccccccCcCCCcccccCCc~ccCCCcccc~cccc
C
C SUBROUTINE WIND

* - C
CCCCCCCCCCCCCCCCCCCCCCCCeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C THIS SUBROUTINE INPUTS THE WIND VELOCITY AND WAVE HEIGHT.- IT
C IS CALLED BY SUBROUTINE -WBS'. IT SETS UP THE 7OLLOWING CODE:
C
C IW -O0 NO WIND
C IW - 1 :CONSTANT WIND
C IW - 2 WIND - F(TIME)
C

0001 SUBROUTINE WIND
002, COMMON/CONTOUR/SNAPEX(1O)..Y(10),XCYC. IC, 1W.ISP. XO.VOI00 COMIION/ENVOR /P V.VISA. DENA. TDC
0004 COMM0N/TRANSIT/UX(10,10),UY(10,10),VWX(I0),

* 1 VWY(10),THETA(10).TI(lO). ID, IT, IV.
*2 XU(10).YU(l0)oTT(10)

0005 COMMON/CONSTAT/UC, VW, UThAR. UC.Ul.WT, ALPH. THETAl
0006 COMMON/SIZE/R, D. W., Li.L2, H.RO

C
0007 PI-ACOS(-1.)
0008 1 - SHAPE
0009 1 WRITE (6,10)
0010 10 FORMAT (/lX,27HIS WIND SPEED CONSTANT? Y/N)
0011 READ (5,12,ERR-1) ICH
0012 12 FORMAT(Al)
0013 IF (ICi. EQ. 'N') GO TO 40
0014 1W-i1
0015 14 WRITE (6,15)

C
C
C CONSTANT WIND
C VW - WIND SPEED. M/SEC
C THETA! - WIND ANGLE WITH RESPECT TO X-AXIS OR
C CHANNEL AXIS, RADIANS
C VW.X(l) - X-COMPONENT OF VW
C VWY(1) - V-COMPONENT OF VW

0016 15 FORMAT (/lX,42HINPUT WIND SPEED (METER/SEC) AND DIRECTION,
1 /lX,15HANGLE (DECREES))

0017 READ (5,*,ERR=14) VW.THETAI
oo-001 20 WRITE (1.21) VW,THETA1
0019 21 FORMAT (//5X.35H4. THE WIND IS STEADY WITH SPEED OF, F12.2.2X.

1 9HMETER/SEC./SX,13H AND ANGLE OF,F12.2,2X,7HDEGREES)
0020 THETAI-THETAI*PI/190.
0021 IF (I EQ. 1) CO TO 150

* 0022 V'WX(1) a VW * CCS(THETAI)
0023 VWY(l) - VW * SIN(THETAI)
0024 TWIND - VW
0025 GO TO 150

C
* C
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C -- WIND SPEED VARIES WITH TIME

CC
0026 40 CONTINUE
0027 IW 2
0028 I SHAPE
0029 gO TO (50,60,60) I

C

C I -1 : RIVER
C I m 2 OR 3 : LAKE OR COAST
C
C

0030 50 CONTINUE
C
C - IN RIVER OR CHANNEL.
C

0031 51 WRITE (6,52)
0032 52 FORMA'(1X,4OHWIND SPEED OVER CHANNEL DEPENDS ON TIME. /1X,

S 68HINPUT TIME (MIN), WIND SPEED (M/SEC). AND DIRECTION ANGLE (DI
$GREES)./1X,52HUSE 10 TIML INSTANTS, AND LAST TIME MUST BE AT LEAS'
S/IX,35HAS GREAT AS MAXIMUM PRINT-OUT TIME. )

C

C FOR WIND - F(TIME)
C VWX(I) - X-COMPONENT AT TIME T(I), M/SEC
C VWY(I) - Y-COMPONENT AT TIME T(I), M/SEC
C TT(I) - TIME INSTANT (10), SEC
C THEIA(I) - WIND ANGLE WITH RESPECT TO X-AXIS OR
C CHANNEL AXIS, RADIANS
C

C NOTE: IN THE' INPUT. VWX(I) IS USED TEMPORARILY TO INPUT
C THS WIND SPEED. THEN X AND Y COMPONENTS ARE CALCULATED
C INTERNALLY.
C
C

0033. DO 54 1-1,10
0034 READ(5,*,ERR-51) TT(I),VWX(I),THETA(I)
0035 THETA(I)-THETA(I)*PI/180.
0036 VW-VWXW()
0037 THETA1-I"HE'TA ( 1)

0038 VWY(I)-VWX(I)*SIN(THETA(!))
0039 VWX(I)-VWX(I))*COS(THETA(I))
0040 54 CONTINUE
0041 GOTO 100

C
C -- IN OPEN WATER
C

0042 60 WRITE(6, 62)
0043 62 FORMAT(IX,45HWIND SPEED OVER LAKE OR COAST DEPENDS CN TIME/IX,

$ 55HBUT IS CONSTANT OVER ENTIRE AREA. USE 10 TIME INSTANTS, /
$ 1X,5 5HAND LAST TIME r`JST BE AT LEAST AS GREAT AS MAXIMUM/IX,
$ 53HPRINT-OUT TIME. INPUT TIME (MIN), WIND SPEED (M/SEC),/IX,
$ 30HAND DIRECTION ANGLE (DEGREES).)

0044 DO 84 1-1,10
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0045 READ(5.4,ERR-60) TT(I).VWX(1),THETA(l)
0046 THETA(I)-THETA(I)*Pi/ieo.
0047 VW-VWX(1)
0046 THETAI-THETA1l
0049 VWY(l)-VWX(I).SIN(THETA(I))
0050 VWX(Z)-VWX(I)*COS(THETA(I))

*0051 64 CONTINUE
C

0052 100 WRITE (1,102)
-0053 102 FORMAT (//5X,35H4. WINO SFEED IS A FUNCT:'0N OF TIME//

I 8~X,4HTIMElox, lOHWIND SPEED, 10X-SVHDIRECTION)
0054 DO 101I- 1,10
0055 THETA(I)-THETA(I).180. IPX
0056 TIJIND-SORT(VWX(I)**2. + VWY(I)**2.)
0057 WRITE(1,105)TT(I),TWIND.THETA(I)

- 058 105 FORMAT (5XF10.2,7X.F10.5,9X,Fl0.5)
0059 THETA(I)-THETA(I).PI/180.
0060 TT(I)-TT(I)*60,

- ~ 0061 110 CONTINUE

0062 150 CONTINUE
C

0063 GOTO(299,199,199), I
'S0064 199 WRITE(6. 200)

0065 200 FORMAT (/IX,3OHINPUT MEAN WAVE HEIQHT. (MET'ER)/
*0 * X,45HDEF~AULT VALUE (EQ. (111.32) OF REPORT) IS USED/IX.

S 16HB5Y INPUTTING -1.)
0066 READ (5,*,ERR-199) H
0067 IF(H. LT.0. ) H-0. 01364*TWIND
0068 WRITE(1,210) H
0069 210 FORMAT(/SX.19HMEAN WAVE HEIGHT IS,F6.2,2X,&HMETERS)
0070 299 RETURN
0071 END
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